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ABSTRACT 


This  report  describes  the  radiation- induced  behavior  of  tantalum- oxide, 
mica,  ceramic,  Mylar,  glass,  and  polystyrene  capacitors  using  results  ob¬ 
tained  at  several  sources.  Also  included  are  discussions  of  the  following: 

•  Experimental  techniques  at  each  radiation  source,  including  mea¬ 
surement  of  circuits,  components,  dosimetry,  and  variation  of 
circuit  and  radiation  parameters  ; 

•  Results  from  SPRF,  LINAC,  and  AFXR  tests  describing  the  de¬ 
pendences  of  the  induced  current  for  the  irradiated  dielectric  , 

•  Interpretation  of  these  results  in  terms  of  appropriate  models  and 
radiation  and  circuit  parameters  j 

•  Comparison  of  the  effects  observed  at  each  irradiation  source  | 

•  Description  of  the  tests  on  magnetics  and  the  test  results. 


iii/iv 


IV*  - 


TABLE  OF  CONTENTS 

Section  Title  Page 

I  INTRODUCTION .  1 

H  DIELECTRIC  PROGRAM . . .  3 

A.  SUMMARY  OF  DIELECTRIC  PROGRAM .  3 

B.  THEORETICAL  CONSIDERATIONS  .  .  .  4  . .  4 

C.  CIRCUITS  USED  TO  MEASURE  DIELECTRIC 

RESPONSES .  6 

1,  RESISTOR  SAMPLING .  7 

2.  CURRENT  PROBE  SAMPLING  .  .  t .  8 

D.  DIELECTRIC  CHARACTERIZATION .  8 

1.  PULSED  REACTOR  (SPRF)  TEST .  8 

a.  Reactor  Description .  8 

b.  Teat  Description .  9 

c.  Reactor  Teat  Results .  9 

2.  ELECTRON  LINEAR  ACCELERATOR  ....  9 

a.  Source  Description .  9 

b.  Test  Description .  9 

c.  LINAC  Test  Results .  11 

3.  ADVANCED  FLASH  X-RAY .  11 

a.  Source  Description . 11 

b.  Test  Description .  13 

c.  AFXR  Test  Results .  14 

(1)  Tantalum-Oxide  Capacitors .  14 

(2)  Ceramic  Capacitors .  19 


v 


Table  of  Contents  (cont) 


Section  Title  Page 

4.  METHODS  OF  CURVE- FITTING 

DIELECTRIC  PARAMETERS .  20 

a.  Convolution .  22 

b.  Integration  . .  23 

5.  TEMPERATURE  VARIATIONS 

UNDER  LIN  AC  AND  AFXR  IRRADIATION.  24 

a.  Tantalum- Oxide  Capacitor  Irradiated  .  .  24 

b.  Ceramic  Capacitors  Irradiated .  29 

E.  CAPACITOR  EXCHANGE  PROGRAM .  29 

1.  INTRODUCTION .  29 

2.  DATA  COMPARISON .  31 

a.  Mica  Capacitors .  31 

b.  Tantalum- Oxide  Capacitors .  34 

III  MAGNETIC  TESTS .  37 

A.  INTRODUCTION .  37 

B.  LIN  AC  TESTS  .  37 

1.  STATIC  TESTS .  37 

2.  DYNAMIC  TESTS .  39 

C.  AFXR  TESTS .  42 

1.  STATIC  TESTS .  42 

a.  Multi- Aperture  Memory  Plane .  42 

b.  Drum  Memory  Recording  Rotor .  44 

c.  Magnetic  Plating  Test  Strips .  46 

2.  DYNAMIC  TESTS  .  46 

a.  Test  Performance  and  Results .  46 

b.  Failure  Mechanisms .  56 

vi 


Table  of  Contents  (cont) 


Section  Title  Page 

D.  CONCLUSIONS .  57 

IV  DOSIMETRY . . .  59 

A.  INTRODUCTION .  59 

1.  GAMMA  DOSIMETERS .  59 

2.  NEUTRON  DOSIMETERS .  59 

B.  DOSE  RATE  DETERMINATIONS  .  59 

1.  GAMMA  RATE  DETERMINATION .  59 

2.  NEUTRON  FLUX  DETERMINATION .  60 

C.  ALTERATION  OF  NEUTRON- TO- GAMMA 

RATIO .  60 

D.  LINEAR  ACCELERATOR  TESTS .  60 

REFERENCES  .  65 

DISTRIBUTION  LIST .  67 


vii 


LIST  OF  ILLUSTRATIONS 


SfflSif.fcY 


Figure  Title  Page 

1  Circuit  for  Measuring  Induced  Current 

(Resistor  Method) .  ? 

2  Circuit  for  Measuring  Induced  Current 

(Current  Probe  Method) .  8 

3  Physics  International  Energy  Facility  (Diagram) .  13 

4  Aluminum  Shield  Box  . . 14 

5  Induced  Current  Versus  Dose  Rate  Variations 

for  a  1-  /iF  Tantalum- Oxide  Capacitor .  15 

6  Current  per  CVD  Versus  Temperature  for  a  1-  /xFr 

100-WVdc  Tantalum- Oxide  Capacitor .  16 

7  Voltage  Variations  for  a  1-  /xF,  100-WVde 

Tantalum- Oxide  Capacitor  (Sample  42) .  18 

8  Effect  of  Temperature  on  a  0. 1-  /xF,  50-WVde 

Ceramic  Capacitor  (Sample  53) .  21 

9  Curve-  Fitting  Dielectric  Parameters  to 

Experimental  Results  . .  21 

10  R-C  Network  for  Determining  Radiation- Induced 

Transient  Currents .  22 

11  Capacitor  Integration  of  a  Current  Source .  24 

12  Temperature  Variations  for  a  1-  /u.F,  100-WVde 

Tantalum- Oxide  Capacitor  (LIN AC  and  AFXR  Tested),  28 

13  Memory  Pianos .  38 

14  Core  Test  Circuit . . . .  40 

1 5  Core  Output  Responses  for  a  Dose  Rate  of 

2.7x100  rad/s  .  41 

10  Memory  Plane  Test  Configuration .  43 

17  Full-Select  Test  Circuit .  49 

18  Half- Select  Test  Circuit .  50 

19  Core  Output  Response  of  a  "one"  Output  Before  and 

After  10, 800  R  . .  53 

20  Core  Output  Response  of  a  "one"  Output  Before  and 

After  8,100  U.  ...  . .  54 

21  Coro  Output  Response  of  a  "zero"  Output  Before  and 

After  10,  000  R .  54 

22  Core  Output  Response  of  a  "one"  Output  Before  and 

After  8,  600  R .  55 

23  Core  Output  Response  of  a  "one"  Output  Before  and 

After  6,  000  R .  55 

24  Experimental  Arrangement  for  Neutron  and  Gamma 

Sensitivity  Test . 61 

25  Neutron  Spectra  for  Various  Shielding  with  Gamma 

Dose  Normalization  . . 62 

26  Electron  Irradiation  Dose  as  a  Function  of  Depth .  63 


viii 


LIST  OF  TABLES 


Table 


Title 


Page 


1 

2 

3 

4 

5 

6 


7 

8 
9 

10 

11 

12 

13 

14 


15 

1G 

17 

18 

19 

20 
21 
22 

23 

24 


DIELECTRIC  PROGRAM . 

PU LSE D-RE  AC  TO R  TABULATION  OF  PARAMETERS  .  . 

LIN  AC  TEST  RESULTS . 

DIELECTRIC  PARAMETERS  COMPARED . 

DOSE  RATE  VARIATIONS  FOR  A  1-  /xF 

TANTALUM-OXIDE  CAPACITOR . 

TEMPERATURE  VARIATIONS  FOR  A  1-  /xF, 

100-WVde  TANTALUM-OXIDE  CAPACITOR 

^SAMPLE  42) . 

VOLTAGE  VARIATIONS  FOR  TANTALUM-OXIDE 

CAPACITORS  (SAMPLES  42  AND  45) . 

VOLTAGE  VARIATIONS  FOR  CERAMIC  CAPACITORS 

(SAMPLES  54  AND  55) . 

TEMPERATURE  VARIATIONS  FOR  A  0. 1-  /xF,  50- 

WVde  CERAMIC  CAPACITOR  (SAMPLE  53) . 

TANTALUM- OXIDE  CAPACITOR  TEMPERATURE 

VARIATIONS  AT  LIN  AC . 

TANTALUM-OXIDE  CAPACITOR  TEMPERATURE 

VARIATIONS  AT  AFXR . 

CHARACTERISTIC  OSCILLATIONS  IN  CERAMIC 

CAPACITORS . 

CAPACITOR  DATA  FROM  GENERAL  ATOMIC . 

CURRENT  AND  CHARGE  MEASUREMENTS  FOR 

MICA  CAPACITORS  . 

CHARACTERIZATION  OF  MICA  CAPACITORS . 

CHARACTERIZATION  OF  TANTALUM-OXIDE 

CAPACITORS  . 

FLUX  STATES  TOR  MEMORY  ARRAY  TESTS . 

MEMORY  CORE  DATA . 


MEMORY  PLANE  TEST  CONDITIONS . 

GEMINI  MEMORY  PLANE  DOSIMETRY  DATA . 

RECORDING  ROTOR  RE  AD- BACK  AMPLITUDES . 

MEMORY  CORE  DATA  FOR  FERRITE  CORES . 


CIRCUIT  TEST  DESCRIPTION  WITH  CABLE  ENDS 

SHIELDED . 

CIRCUIT  TEST  DESCRIPTION  WITH  CABLE  END 


SHIELD  REMOVED 


3 

10 

12 

12 

15 


16 

17 

19 

20 

25 

26 

30 

32 

33 
35 

35 

38 

39 

43 

44 

45 
47 

51 

52 


ix/x 


Section  I 


INTRODUCTION 


The  primary  objective  of  transient  radiation  effects  studies  in  electronic 
parts  and  materials  is  to  determine  radiation  hardness  design  information 
over  a  wide  range  of  radiation  levels.  Circuit  design  demands  intensive  rad¬ 
iation  effects  studies  on  dielectric  and  magnetic  devices  utilizing  sources 
emitting  gamma  rays,  electrons,  neutrons,  and  X-rays  at  various  energies 
and  with  various  pulse  durations. 

Under  contract  to  ECOM,  IBM  has  investigated  the  effects  of  nuclear 
radiation  pulses  on  dielectric  and  magnetic  devices.  Numerous  experiments 
have  been  performed  at  a  variety  of  pulsed  radiation  sources,  including  pulsed 
reactors,  linear  accelerators,  and  advanced  flash  X-ray  machines.  These 
tests  on  dielectric  devices  have  resulted  in  the  formulation  of  a  theoretical 
model  to  explain  the  radiation- induced  conductivity  in  dielectrics,  and  have 
yielded  sufficient  experimental  data  to  supply  many  of  the  parameters  to  be 
used  in  this  model. 

The  purpose  of  the  magnetics  tests  was  to  collect  data  on  the  operation 
of  several  selected  magnetic  devices  at  high  gamma  dose  rates,  such  as 
those  generated  in  the  prompt  portion  of  a  weapon  burst.  This  data  will  be 
used  to  determine  if  more  extensive  testing  of  a  variety  of  magnetic  materials 
should  be  performed.  Testing  has  shown  no  effects  which  will  cause  mal¬ 
function  of  these  magnetic  devices  when  used  for  data  storage  at  dose  rates 
in  excess  of  10^  rad/s. 

During  the  past  2  years,  extensive  tests  were  performed  to  compare 
the  currents  induced  in  several  commercial  capacitors  by  nuclear  radiation 
from  a  pulsed  reactor  (SPRF),  with  those  induced  by  the  electron  beam  of  a 
linear  accelerator  (LINAC).  Analysis  of  the  LINAC  data  has  given  further 
information  for  the  characteristic  amplitude  parameters,  Kp  and  Kdn>  and  the 
delay  time  constants,  rdn-  These  results  indicate  that  the  Tadiation- induced 
conductivity  effects  are  consistent  with  data  obtained  in  the  pulsed- reactor 
environment.  This  consistency  was  obtained  only  after  consideration  of  the 
relative  effectiveness  of  neutron  and  gamma  radiation  in  producing  currents 
in  the  capacitive  elements  at  the  reactor  environment  (Reference  1). 

To  confirm  the  capability  of  the  electron  band  model  to  predict  behavior 
for  the  combination  of  high  dose  rates  and  short  pulse  widths,  experiments 
were  also  performed  at  an  Advanced  Flash  X-Ray  (AFXR)  source.  This 
source  provides  dose  rates  on  the  order  of  1011  rad/s,  with  pulse  widths 
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ranging  from  about  30  to  100  ns.  Presently,  only  the  behavior  of  tantalum 
oxide  has  been  analyzed  at  this  source.  Results  indicate  the  band  model  is 
applicable  to  a  combination  of  high  dose  rates  and  short  pulse  widths,  and  that 
radiation- induced  currents  vary  linearly  with  dose  rate,  capacitance,  and 
applied  voltage  at  high  dose  rates.  No  effects  resulting  in  a  loss  of  information 
in  magnetic  elements  were  produced  by  AFXR  irradiation  at  dose  rates  as  high 
as  2  x  10*1  rad/s. 

Temperature  effects  on  carrier  mobility  and  lifetime  were  also  studied 
in  tantalum- oxide  and  ceramic  dielectrics.  With  a  simple  band  mode]  having 
a  single  electron  trapping  level  a  few  kT  below  ihe  conduction  band  (En-p), 
tantalum- oxide  yields  a  trapping  level  of  about  0.  2  eV  at  both  L1NAC  ana 
AFXR  (Reference  2). 


Section  II 


DIELECTRIC  PROGRAM 

A.  SUMMARY  OF  THE  DIELECTRIC  PROGRAM 


Table  1  lists  the  capacitor  types  that  have  been  studied  under  the  pre¬ 
sent  contract  and  the  present  understanding  of  their  behavior  at  various  types 
of  sources.  The  "theory'1  column  indicates  dielectrics  for  which  experimen¬ 
tal  results  to  date  are  understood  in  terms  of  physical  mechanisms,  and  which 
have  a  model  and  relationships  to  describe  the  required  dependences. 

Table  1 


DIELECTRIC  PROGRAM 


Capacitor 

SPRF 

Type 

Gamma 

LINAC 

AFXR 

Theory 

Mica 

• 

Q 

• 

X 

• 

Tantalum  Oxide 

• 

Q 

• 

0 

• 

Glass 

Q 

X 

0 

X 

Q 

Ceramic 

Q 

X 

0 

0 

Q 

Mylar 

• 

Q 

• 

X 

• 

Polystyrene 

• 

Q 

_ 

• 

X 

• 

Legend: 

•  Considered  complete  in  capacitor 

O  Partially  completed 

Q  Results  to  date  are  questionable 

X  No  work  done  as  yet 

.haracterization 
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THEORETICAL  CONSIDERATIONS 


B. 

The  general  relationship  for  the  conductivity  of  a  capacitor  under  irra¬ 
diation  (Reference  3)  has  been  shown  to  be 


cr-  a 


€  € 


-  ‘  KPD  « +  2  Kd  / 
o  *  n  n  J 

-CO 


t  ~(t~t')/rd 


n 


D(t')dt',  (1) 


which  is  related  to  the  radiation- induced  current  by  the  equation 
(c-cr  ) 

i  =  - —  CV. 

r  €€  n 


Tliis  gives 


,t  -(t-t’)/rd 

i  .  CVfK  Dft)  +  2  K  J  e  "  Dit')  dt',1  (2) 

L  1  n  n  J 

-00 

where 


CTq  =  the  dark  conductivity  in  the  absence  of  radiation 

€  =  the  dielectric  constant 

<=0  permittivity  of  free  space 

and  =  empirically  determined  parameters  for  the  radiation- 

induced  conductivity  effect 

r  ,  =  time  constants 

d 

n 

D(t)  ■=  the  radiation  exposure  rate 

i  --  the  radiation  induced  current, 
r 

.  When  the  radiation  field  contains  several  mixed  components  of  radiation, 
D(t)  must  contain  a  contribution  from  each  environment.  The  total  field  can 
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be  written  as  a  linear  combination  of  the  components.  The  total  effect,  D(t), 
at  a  pulse  reactor  can  be  written  as  the  linear  sum  of  a  neutron  and  gamma 
field: 


D(t)  =  FN(t)  +  y  (t), 


(3) 


where 


F  =  proportionality  constant  relating  the  absorbed  dose  rate  from  the 
neutron  spectrum  to  an  equivalent  absorbed  gamma  dose  rate 

« 

N(t)  =  equivalent  absorbed  gamma  dose  rate. 

* 

If  one  defines  a  ratio  R  =  N(t)  /  y( t)_,  then 

D(t)  -  [fr  +  l]  Y  (t).  (4) 

The  radiation- induced  current  is  then  given  by 


ir(t)  =  cv[  Kp  y  (t)  (FR  +  1)  +  z  Kd  f 

11  -CO 


-  (t-t1)/  T 


“(FR+l)  ydt' 
(5) 


Several  analytical  techniques  have  been  developed  for  solving  Equation  (5) 
and  are  documented  in  Reference  1,  which  also  describes  empirical  conditions 
to  determine  the  characteristic  parameter  F  relating  the  two  fields. 

At  a  pulsed  electron,  source,  such  as  LIN  AC,  having  a  square  radia¬ 
tion  pulse  with  amplitude  D(t)  and  duration  tp,  the  radiation- induced  current 
can  be  expressed  as  a  kernel  in  time  over  the  two  domains  of  interest, 
t<t  and  t  >t  .  Equation  (2)  then  reduces  to 

•Vth 


ir(t)  H 


CV[K  D(‘)+ZK,  tu  D(l-e  ">] 
L  1  n  n  n  J 


for  t<t 


P 


CVD(t)  2  Kd  rd  (e 


VTd  “t/Td 


n  -1)  e 


n 


n  n 


,  for  t  >t 
*  P 


(6) 


Applying  Equation  (6)  to  the  dielectric  responses  observed  at  a  LINAC, 
Kp  and  the  first  delay  components,  ,  can  usually  be  determined. 
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However,  later  components  (K^  Tdn, )  are  difficult  to  determine  accurately 
from  this  measurement.  To  obtain  further  information  on  these  later  com¬ 
ponents,  the  total  charge  replenished  to  the  capacitor  is  measured  and  an  ex¬ 
pression  relating  the  replenished  charge  to  these  parameters  is  derived.  This 
expression  is  given  by 


CVDtP[V 


XK 


n 


n 


(7) 


When  the  pulse  width,  t  ,  is  much  smaller  than 

P 

approximated  by 


r  .  ,  Equation  (7)  can  be 
n 


CVDt  F  K  +  IK, 
P  L  P  n  d, 


(8) 


Equations  (6)  and  (7)  can  be  used  to  determine  the  parameters  neces¬ 
sary  to  characterize  a  given  dielectric  material  in  a  transient  radiation  en¬ 
vironment,  except  for  the  parameter  F,  which  is  obtained  from  the  neutron 
environment. 


C.  CIRCUITS  USED  TO  MEASURE  DIELECTRIC  RESPONSES 


The  transient  conductivity  of  a  capacitor  is  determined  from  the  meas¬ 
urement  of  the  radiation- induced  current.  A  supplementary  measurement  is 
the  replenished  charge,  which  is  the  integral  of  the  radiation- induced  current 
in  either  lead,  and  is  obtained  manually  (from  the  picture  of  the  current  dis¬ 
play)  or  electronically  (by  integrating  the  current  signal). 


Two  methods  were  used  to  monitor  the  radiation- induced  current  trans¬ 
ients: 

•  Measuring  the  voltage  drop  across  a  sampling  resistor  in  series 
with  the  capacitive  element 

•  Measuring  the  output  of  a  current  transformer  (current  probe) 
in  series  with  the  exposed  capacitor. 


6 


1.  RESISTOR  SAMPLING 


Figure  1  is  the  circuit  used  for  measuring  radiation- induced  current 
by  the  resistor  method.  This  circuit  was  used  when  maximum  sensitivity 
was  required  or  when  the  time  duration  of  the  transient  current  exceeded  the 
pulse  width  capability  of  current  probes.  The  circuit  components  are  defined 
by  the  following: 

•  Zq  is  equal  to  the  cable  characteristic  impedance. 

•  C  is  the  power  supply  cable  bypass  capacitance.  It  is  large  enough 
to  provide  a  stiff  voltage  source  during  the  radiation  transient. 

•  R1  is  selected  to  satisfy  one  of  the  conditions: 

a.  For  best  pulse  response,  set  R1  equal  to  Zq 

b.  For  maximum  sensitivity,  R1  may  be  omitted 

c.  When  sensitivity  is  not  critical,  and  operating  point  deviations 
are  held  to  a  minimum,  keep  R1  very  small. 

•  R2  must  isolate  the  power  supply  from  the  measurement  circuit 
during  the  transient  and  is  much  larger  than  R1  and  ZQ  in  parallel. 


+V  • 


— Q 


1.6(3-180 


Figure  1.  Circuit  for  Measuring  Induced  Current  (Resistor  Method) 
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2. 


CURRENT  PROBE  SAMPLING 


Figure  2  is  the  measuring  circuit  for  radiation- induced  currents,  using 
the  current  probe  method.  The  circuit  components  are  defined  as  follows: 

•  Zq  is  equal  to  the  cable  characteristic  impedance 

•  C  is  the  power  supply  cable  bypass  capacitance.  It  is  sufficiently 
large  to  provide  a  stiff  voltage  source  during  the  radiation  transient. 

•  CT-2  is  a  current  transformer  with  suitable  response.  When  the 
integrating  circuit  is  used  to  measure  the  total  replenished  charge 
(ZjZf),  the  time  constant  of  the  integrator  must  be  very  long  when 
compared  with  the  period  of  integration  to  have  a  negligible  loss  of 
charge. 


Figure  2.  Circuit  for  Measuring  Induced  Current  (Current  Probe  Method) 

D.  DIELECTRIC  CHARACTERIZATION 
1.  PULSED  REACTOR  (SPRF)  TEST 
a.  Reactor  Description 


The  Sandia  Pulsed  Reactor  (SPRF)  is  a  bare  critical  assembly  having 
a  pulse  width  of  50  /xs  at  half- maximum,  The  average  neutron  energy  is  1,  4 
MeV  and  the  average  gamma  energy  is  0.  8  MeV.  Nominally,  at  9-1/4  inches, 
the  gamma  dose  rate  is  4.  5  x  10^  rad/s  and  the  neutron  flux  is  6  x  10*^  n/crn2 
-s  (E  >10  keV).  The  flux  has  a  1/r^  fall-off  (Reference  4  and  5).  Polyethy¬ 
lene  and  lead  shields  were  used  to  vary  the  neutron-  to-gamma  ratio  over  a 
factor  of  eight. 


b. 


Test  Description 


Six  different  dielectric  types  were  studied  at  the  pulsed  reactor  with  the 
measuring  circuit  shown  in  Figure  1.  Wide  variations  in  the  insulating  layer 
thickness  capacitance,  surface  area,  and  insulator  volume  were  chosen  for 
each  dielectric  type.  Voltages  were  applied  in  the  direction  of  high  resistivity 
and  covered  the  range  from  zero  to  the  rated  voltage  (WVdc).  To  reduce  cur¬ 
rents  through  air  ionization  paths,  the  capacitors  and  exposed  ends  of  the  trans¬ 
mission  cables  were  potted  with  a  Silastic*  compound. 

Experiments  were  conducted  to  obtain  data  on  the  radiation- induced  cur¬ 
rent  as  a  function  of: 

*  t 

•  Alteration  of  the  neutron-to-gamma-ray  ratio  (N/D),  with  variations 
of  dose  and  dose  rate 

•  Variations  of  capacitance,  applied  voltage,  and  d-c  working  voltage 
(WVdc). 

c.  Reactor  Test  Results 


The  reactor- induced  dielectric  characterization  (Reference  1)  is  sum¬ 
marized  in  Table  2. 

2.  ELECTRON  LINEAR  ACCELERATOR 

a.  Source  Description 

Two  sources  were  used  for  this  work.  The  General  Atomic  Electron 
Linear  Accelerator  (LINAC)  was  used  to  deliver  single  pulses  of  electrons 
having  an  energy  of  about  18  MeV.  The  pulse  widths  were  varied  from  0.  3  to 
4.5  /as  with  a  peak  current  near  200  mA.  The  maximum  dose  rates  achieved 
for  ±  5 -percent  uniformity  on  sample  irradiation  were  about  1  x  10*0  rad/s. 

The  White  Sands  LINAC  was  also  used  at  an  electron  energy  between 
10  to  12  MeV.  Pulse  widths  were  varied  from  0. 1  to  2.  0  /as  with  a  peak 
beam  current  near  450  mA.  The  maximum  dose  rates  achieved  for  ±  5 -per¬ 
cent  uniformity  of  sample  irradiation  were  approximately  109  rad/s. 

b.  Test  Description 

The  primary  purpose  of  the  LINAC  test  series  was  to  further  character¬ 
ize  the  dielectric  response  of  capacitors  and  to  compare  the  differences  be¬ 
tween  reactor-  and  electron-accelerator-  induced  conductivities.  Six  different 


*  Registered  trademark  of  Dow  Corning'  Corporation. 
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Table  2 


PULSED-REACTOR  TABULATION  OF  PARAMETERS 


Dielectric 

K 

P_6  i 

(10  b  rad  1) 

K. 

^2 

(10"2(rad-s)-1) 

Td2 

do'3  s) 

F* 

2 

(rad-cm  /n) 

i  /i  ** 

V  T 

Tantalum 

Oxide 

9 

4.5 

1 

6.  5  x  10"11 

0.24 

Ceramic 

±1 

— 

— 

— 

— 

Mica 

4 

none 

none 

1.4  x  10"U 

0.06 

Mylar 

12 

— 

-10 

3.2  x 10  LU 

0.  60 

Polystyrene 

14 

4.7 

1 

1.3  x  10'9 

0.80 

Glass 

1 

10 

— 

— 

— 

— 

F  is  a  proportionality  constant  relating  the  absorbed  dose  rate  due  to 
fission  neutrons  to  an  equivalent  absorbed  gamma  dose  rate.  All 
gamma  energy  loss  is  considered  due  to  ionization. 


i  /ip,  the  relative  neutron  effectiveness  due  to  a  mixed  field,  pertains 
only  to  the  prompt  portion  of  the  radiation.  Induced  current  is  derived 
from  the  fission  spectrum  for  exposures  at  SPRF.  This  ratio  Ls  given 
for  a  normal  burst  with  a  specific  N/D  value  of  3.  3  x  109  n/cnr  /rad. 


dielectric  materials,  covering  a  complete  range  in  capacitor  geometry,  were 
exposed  to  varying  LINAC  parameters  of  beam  current,  electron  energy,  dose, 
dose  rate,  and  pulse  width. 

Mylar,  polystyrene,  mica,  glass,  tantalum- oxide,  and  ceramic  capaci¬ 
tors  were  tested  at  several  different  voltages,  capacitances,  and  working  vol¬ 
tages  (WVdc).  In  addition,  tantalum- oxide  and  ceramic  capacitors  were  ex¬ 
posed  in  a  controlled  temperature  environment  in  a  commercially  converted 
oven  over  a  range  of  0°C  to  85  C.  Temperature  was  controlled  by  cycling  be¬ 
tween  electronic  heaters  and  a  liquid  carbon  dioxide  coolant.  A  blower  main¬ 
tained  the  oven  chamber  at  any  set;  temperature  ±1'C  (Reference  6). 

Current  probes  were  used  to  monitor  the  induced  current  through  both 
leads  of  the  capacitor.  An  integrating  circuit  measured  the  total  replenish¬ 
ment  charge  through  each  capacitor  lead.  The  second  probe  was  used  as  an 
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aid  for  separating  radiation- induced  emission  in  the  wiring  and  sample  con¬ 
figuration  from  a  true  dielectric  response. 

The  actual  testing  was  performed  inside  an  aluminum  box  to  shield  the 
experiment  from  radio-frequency  (R-F)  interference.  No  special  encapsula¬ 
tions  or  pottings  were  used  on  the  capacitor  elements  tested,  since  the  mag¬ 
nitude  of  charge  scattering  effects  could  be  inferred  from  the  measurements. 
Coaxial  transmission  lines  were  covered  with  shielded  zipper  tubing  to  reduce 
R-F  interference.  Radiation  effects  were  eliminated  on  the  components  re¬ 
quired  in  the  measuring  circuit  and  on  cable  ends,  by  housing  the  circuit  in¬ 
side  an  aluminum  and  lead  shield  containing  feed-through  connections  to  the 
test  sample. 

c.  LINAC  Results 


Data  tables  including  pulse  widths,  dose  rates,  applied  voltages,  and 
currents  observed  for  each  dielectric  tested  at  LINAC  are  presented  in  detail 
in  References  1  and  2.  Reference  2  also  lists  the  estimates  of  the  long  delay 
time  constant  ( Td2  )  for  Mylar  and  polystyrene  as  obtained  from  measuring 

the  total  replenishment  charge.  Table  3  presents  a  summary  of  this  LINAC 
work,  and  Table  4  compares  the  parameters  observed  at  LINAC  and  at  SPRF. 
Where  the  delay  constants  (  )  are  short,  the  observation  (Kp  +  ^d)  at 

LINAC  is  compared  to  the  neutron-corrected  Kp  value  observed  at  SPRF. 

The  small  Td  values  resolved  in  the  LINAC  work  are  not  seen  at  SPRF  but 
are  included  in  its  prompt  response  due  to  the  longer  time  domain  of  the  ex¬ 
citation  pulse.  Table  4  shows  very  good  agreement  between  the  SPRF  am’ 
LINAC  results  with  the  largest  discrepancy  about  a  factor  of  three  observed 
for  ceramic.  Of  the  six  dielectrics  tested,  tantalum  oxide  has  been  the  most 
extensively  studied  and  characterized.  At  LINAC  dose  rates  ranging  between, 
10B  and  ICR0  rad/s,  tantalum  oxide  lias  the  smallest  Kp  value  arid  shortest 
delay  constant  of  the  tested  dielectrics.  Several  physical  parameters  inherent 
in  the  tantalum- oxide  material  have  also  been  estimated  at  these  dose  rates. 
These  include  an  electron  mobility  of  approximately  10“ 5  cnr  (volt-s)"1  and 
a  generation  rate  of  4.  6  x  1012  pairs  (rad- cm3)**1,  corresponding  to  about 
136  eV  to  create  an  electron  hold  pair  (Reference  1). 

3.  ADVANCED  FLASH  X-RAY 

a.  Source  Description 

Advanced  Flash  X-Ray  testing  was  performed  at  the  Physics  Interna¬ 
tional  energy  facility  which  has  a  5 -million  volt  peak  energy  source.  Figure  3 
shows  the  location  of  the  instrument  room,  irradiation  room,  andpulser  controls. 
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Table  3 


LINAC*  TEST  RESULTS 


* 

Dielectric 

Kp  (rad'1) 

K , 
dl 

(10’2(rad-s)~1) 

(^s) 

K. 

d2 

(10-2(rad-s)~1) 

(/xs) 

Tantalum  Oxide 

5  x  10"  7 

4.2 

0.85 

3.6 

200 

Ceramic 

±3.2  x  10" 7 

— 

— 

— 

— 

Mica 

4.  2x  10”8 

none 

none 

none 

none 

Mylar 

2.  5  x  10”6 

0.  24 

8 

1 

500 

Polystyrene 

3.  Ox  10“6 

0.07 

10 

4 

300 

Glass 

1.  5  x  10"5 

— 

— 

— 

--- 

*  General  Al 

tomic  and  White  Sands  as  sources 

Table  4 

DIELECTRIC  PARAMETERS  COMPARED 


Dielectric 

LINAC  (rad/s) 

SPRF  (10"6  rad/s) 

Tantalum  Oxide 

3.  6  x  10“6  (K  +  K .  r.  ) 

P 

*6.8 

Ceramic 

+3.2  x  10" 7  (K^) 

±1.0 

Mica 

4.2x  10“6  (K  ) 

*3.7 

Mylar 

4.48  x  10“6  (K  +  K.  T,  ) 

P  d*  d! 

*4.8 

Polystyrene 

3.0x10“°  (K  ) 

*2.7 

Glass 

1.  5  x  10" 5  (Kp) 

10 

values  are  neutron  corrected. 


X-Ray  Tube 


L66-182 


Figure  3.  Physics  International  Energy  Facility  (Diagram) 
b.  Test  Description 

The  instrumentation  and  irradiation  rooms  are  both  double  shielded 
rooms.  Because  the  noise  level  in  the  irradiation  room  is  too  high  to  allow 
sensitive  measurements,  an  aluminum  shield  box  was  used  to  reduce  the  noise 
to  an  acceptable  level.  Signal  transmission  lines  were  triaxial  RG58A  cables 
enclosed  in  aluminum  zipper  tubing.  Figure  4  shows  the  sample  location  in¬ 
side  the  shield  box  and  the  lead  sliield  used  to  protect  the  current  probes  and 
cable  connectors  from  the  X-ray  beam. 

A  lead  sliield,  approximately  G  inches  thick,  was  used  to  obtain  a  dose 
reduction  at  the  current- probe  box  to  less  than  1  percent.  Oscilloscopes  were 
triggered  by  one  photodiode  and  the  output  of  a  second  was  recorded  to  provide 
burst  shape  information.  Two  capacitor  samples  were  irradiated  simulta¬ 
neously  and  the  currents  in  each  lead  were  monitored.  The  integral  of  the  cur¬ 
rent  in  one  lead  of  each  component  was  measured  with  a  Type-0  Tektronix 
operational  amplifier  and  recorded  on  oscilloscopes.  Data  were  recorded  by 
photographing  the  displays  of  seven  Type -64 7  Tektronix  oscilloscopes  with 
solenoid- operated  shutters. 

Both  ceramic  and  tantalum- oxide  dielectrics  have  been  irradiated  at 
AFXR.  Radiation- induced  effects  were  determined  for  both  dielectrics  as  a 


13 


function  of  voltage,  temperature,  and  capacitance  value.  A  dose  rate  depen¬ 
dence  test  was  performed  for  tantalum- oxide. 

c.  AFXR  Test  Results 


The  data  for  the  dielectrics  tested  at  the  AFXR  are  presented  in  Tables 
5  through  9.  Those  entries  marked  with  an  asterisk  represent  oscillograph 
pictures  that  could  not  be  used  due  to  improper  scale  factor  setti  ngs,  noise 
distortion,  or  camera  failure. 

(1)  Tantalum- Oxide  Capacitors 


Table  5  shows  the  results  of  the  maximum  current  observed  for  dose 
rate  variation  in  a  tantalum- oxide  capacitor,  with  temperature,  applied  volt¬ 
age,  and  capacitance  remaining  constant.  The  dose  rate  was  varied  from 
2.51  x  109to  1.81  x  1011  rad/'s. 


Figure  5  shows  the  plot  of  the  data  in  Table  5.  The  results  show  that 
the  maximum  induced-current  varies  linearly  with  dose  rate  at  these  high 
levels;  i.  e. ,  the  power  of  delta  to  which  the  dose  rate  is  raised  is  one, 
stowing  that  saturation  effects  do  not  occur. 


Table  5 


DOSE  RATE  VARIATIONS  FOR  A  1-  >xF  TANTALUM- OXIDE  CAPACITOR 


Pulse 

Burst 

Number 

VA  (volts) 

\  (mA) 

I2  (mA) 

t  (u  s) 

p  ^ 

D  (rad/s) 

336 

90 

800 

800 

0.1 

1.81  x  10U 

331 

90 

440 

440 

0.1 

1.00  x 1011 

332 

90 

390 

390 

0.1 

8.  16  x  1010 

333 

90 

82 

82 

0.1 

1.91  x  1010 

334 

90 

16 

16 

0.  1 

3.32  x  109 

335 

90 

13.  5 

13.  5 

0.1 

2.51  x  109 

Measurements  taken  with  temperature,  capacitance,  and 
applied  voltage  constant 

Figure  5.  Induced  Current  Versus  Dose  Rate  Variations 
for  a  1-  /J.F  Tantalum-Oxide  Capacitor 
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The  temperature  data  in  Table  6  is  shown  in  Figure  6  as  the  maximum 
current  per  CVD  versus  temperature.  The  increase  of  current  with  tempera¬ 
ture  is  exponential  over  the  range  from  0°C  to  85 °C.  These  results  give  a 
trapping  level  of  0. 15  eV  and  are  comparable  to  the  LINAC  work  shown  later 
in  this  report.  The  temperature  variations  are  discussed  later  in  detail. 

Table  6 


TEMPERATURE  VARIATIONS  FOR  Al-uF  100-WVdc 
TANTALUM- OXIDE  CAPACITOR  (SAMPLE  42)** 


■ 

Variations 

Ground 

Side 

x2 

,nA 

Voltage 

Side 

Voltage 

Side 

(10-6 

Burst 

b  (1010 

rad/s) 

Pulse 

Temperature 

«n 

(volts) 

*1 

coulombs) 

mA 

T1 

Minimum 

Maximum 

l 

20 

79.  7 

259.  7 

* 

* 

5.87 

7.33 

2 

20 

79.  7 

425.  9 

427 

3.81 

7.07 

7.07 

3 

40 

79.  7 

501 

545 

4.  64 

6.08 

7.84 

4 

50 

79.7 

708 

703.0 

0.0 

8.20 

9.51 

5 

00 

79.7 

779 

790 

5.04 

0.27 

7.  99 

6 

85 

79.  7 

1221 

1227 

7.04 

7.44 

8.05 

Missing  data  jx)inl 

At  constant  capacitance,  applied  voltage,  and  near-constant  dose  rate 


Figure  6.  Current  per  CVD  Versus  Temperature  for 
a  1-  fj.F  100-WVdc  Tantalum -Oxide  Capacitor 
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Table  7  presents  the  data,  and  Figure  7  shows  the  plot  of  radiation- in¬ 
duced  current  versus  time  for  several  different  applied  voltages.  After 
reaching  their  maximum  value,  the  curves  fall  in  a  straight  line,  indicating 
that  the  decay  is  exponential  and  can  be  considered  due  to  one  time  delay 
constant  over  this  time  domain.  Analytical  techniques  have  been  developed 
to  fit  these  responses  to  the  curve.  The  results  will  appear  in  the  next 
quarterly  report. 


Table  7 

VOLTAGE  VARIATIONS  FOR  TANTALUM- OXIDE 
CAPACITORS  (SAMPLES  42  AND  45)** 


Variations 

Ground 

Side 

Voltage 

Side 

Burst  Variations 

D  (1011  rad/s) 

Pulse 

VA  (volts) 

i2  (mA) 

ij  (mA) 

Minimum 

Maximum 

SAMPLE  42  - 

■1  fiF,  lOOWVdc 

1 

0 

14.54 

9.  63 

* 

1.28 

1.38 

2 

20 

145 

140 

* 

1.06 

1.2 

3 

40 

* 

343 

2.68  x  10'6 

1.25 

1.41 

4 

70,7 

623 

626 

5.3  x  10“6 

1.24 

1.25 

5 

94.2 

909 

. 

915.7 

* 

1.26 

1.28 

j  SAMPLE  45  - 

47  /x  F, 

100  W  Vdc 

1 

5 

259.7 

254 

* 

1.07 

1.44 

2 

10 

540 

527 

* 

1.15 

1.62 

3 

15 

701 

704 

* 

1.31 

1.51 

4 

20 

1039 

1000 

3.6  x  10"5 

1.0 

1.29 

5 

30 

2590 

2727 

9.  1  x  10“5 

1.26 

1.68 

*  Missing  data  point 

**  At  constant  temperature,  and  near-constant  dose  rate 
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;o  Variations  for  a  1-  ^  F  100-WVck; 
Dxido  Capacitor  (Sample  42) 


(2)  Ceramic  Capacitors 


Tables  8  and  9  present  the  data  obtained  for  ceramic  capacitors  irradi¬ 
ated  at  AFXR.  Table  8  lists  the  voltage  dependences  data  and  Table  9  indicates 
the  effects  of  temperature  variation  at  constant  applied  voltage.  Figure  8  shows 
the  temperature  effects  on  capacitance. 


Table  8 

VOLTAGE  VARIATIONS  FOR  CERAMIC 
CAPACITORS  (SAMPLES  54  AND  55) 


Variations 

Ground 

Side 
i2  (mA) 

Voltage 
Side 
i1  (mA) 

Burst 

D  (loll  rad/s) 

Pulse 

VA(volts) 

Minimum 

Maximum 

SAMPLE  54-  0. 1 

/x  F 

1 

0 

3.1 

4.3 

1.4 

1.47 

2 

10 

9.35 

9.04 

1.14 

1.29 

3 

20 

3.31 

8.07 

1.  109 

1.25 

4 

30 

22.34 

22.10 

2.0 

2.13 

5 

40 

18.7 

19.3 

1.37 

1.4 

0 

45 

_ 

10.(32 

19.3 

1.728 

1.728 

SAMPLE  55  -  1 

/xF 

1 

0 

0.75 

7.73 

1.079 

1.  15 

2 

6 

18.7 

20.0 

1.4 

1.44 

3 

10 

21.8 

21.8 

1.1 

1.18 

4 

15 

39.48 

40 

1.04 

1.72 

5 

20 

32.2 

31.8 

1.217 

1.32 

0 

24 

47.70 

49.2 

1.  75 

1.83 
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Table  9 


TEMPERATURE  VARIATIONS  FOR  A0.1-^F 
50-WVDC  CERAMIC  CAPACITOR  {SAMPLE  53) 


Variations 

Ground 

Side 

i2(mA) 

Voltage 
Side 
i^  (mA) 

Capacitance 

F) 

.  Burst 

D  (10l0  rad/s) 

Pulse 

Temperature 

(°c) 

VA(volts) 

Minimum 

Maximum 

1 

2 

20 

10 

0.-56 

0.  56 

0. 0933 

8.59 

9.98 

3 

40 

10 

0.26 

0.  24 

0.  0937 

8.82 

8.94 

4 

50 

10 

— 

0.28 

0.  0870 

10.  14 

10.7 

5 

60 

10 

---- 

0.15 

0.0780 

8.97 

9.83 

6 

85 

10 

0.07 

0.08 

_ 

0.  0495 

9.37 

9.49 

4.  METHODS  OF  CURVE- FITTING  DIELECTRIC  PARAMETERS 

Since  the  radiation- induced  currents  in  dielectrics  have  the  dose  rate 
as  their  driving  function,  the  burst  shape  must  be  processed  to  achieve  a 
current  source  usable  in  a  circuit  analysis  program.  Transient  Radiation 
Effect  Automated  Tabulation  (TREAT)  was  the  processing  method  used  for 
tills  data  (Reference  7).  Figure  9  illustrates  the  flow  of  the  data  processing 
steps. 


The  disadvantage  of  the  teclmique  is  that  ciianges  in  the  weapon  profile 
or  radiation  model  parameters  require  recomputation  of  radiation  current 
sources  by  TREAT,  and  of  radiation  transient  response  by  the  transient 
circuit  analysis  program.  The  recomputation  of  radiation  transient  response 
is  unavoidable.  However,  a  method  of  feeding  the  burst  shape  and  radiation 
model  parameters  directly  into  the  transient  circuit  analysis  program  could 
save  considerable  time. 
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Two  direct  methods  for  determining  radiation- induced  transient  currents 
by  a  transient  circuit  analysis  program  are  discussed  below: 

a.  Convolution 

The  response  of  a  network  can  be  expressed  as 


e  f  (t) 
out 


-  rle. 

/  ~  in 
J  o 


(X)  h(t-X)  dX, 


(9) 


where 


eout  ^  =  out^u^  v°lta£e 
ein  ^  =  *nPu*;  V0^aSe 


h  (t) 


=  the  network  response  to  an  impulse  function. 


The  R-C  network  shown  in  Figure  10  has  an  impulse  response  h(t)  = 


l/RC  e  Therefore, 


eout  ^  RC 


i  r * 

ic  J 


in 


(X)e-(t-X>/RCdX. 


(10) 


The  radiation- induced  current,  i  ,  for  a  capacitor,  C^,,  is 


lr  .  CTVpi)(t)  +  I  CTV  _[  D(X)e 


(t-  x)/r 


n 


dX. 


(11) 


The  first  term  of  Equation  (11)  is  linearly  related  to  D(t)  and  can  be  handled 
by  most  transient  circuit  analysis  programs.  The  terms  appearing  in  the 
summation  cannot  be  directly  ltandled  in  a  transient  circuit  analysis  program. 


R 

-WV* 


EinW 


E  t(t) 
out 


Figure  10.  R-C  Network  for  Determining 
Radiation-Induced  Transient  Currents 
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However,  the  similiarlty  between  Equation  (10)  and  the  delayed  term  of  Equa¬ 
tion  (11),  shows  that  if  a  voltage  proportional  to  D(t)  is  applied  to  the  network 
in  Figure  10,  the  output  voltage  is  proportional  to  the  delayed  current  having 
a  Tdn  equal  to  RC.  In  general,  the  delayed  portion  of  the  radiation-induced 
current  would  be 


CTVd  eout<l> 
n 


‘d  ’ 
n 


(12) 


where  cin(t)  equals  D(t)  and  Tdn  equals  RC.  Note  that  the  units  of  Kdn  and 
Tdn  must  be  consistent  with  the  units  used  in  the  transient  circuit  analysis 
program. 


b.  Integration 

If  the  delayed  term  of  Equation  (11)  is  rewritten  as 
-t/rrj  rl  X/Td 

id  =  CTV.  e  "  I  D(X)o  “dX,  (13) 

n  n  o 

the  pro^Ljpm  becomes  one  of  evaluating  an  integral  and  multiplying  it  by  CTV 

K,  o  .  Since  the  voltage  across  the  capacitor  is  proportional  to  the 

an 

integral  of  the  current  through  it,  for  the  circuit  in  Figure  11,  where 
vTd 

i  D  (t)  e  n  mid  C  -  1  unit  of  capacitance. 


And  in  general 


C  V 
T  d 


n 


(15) 


The  two  methods  described  offer  a  way  to  analyze  mid,  theoretically,  to  verify 
radiation  effects  on  capacitors  by  using  transient  circuit  analysis  programs. 
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Figure  11.  Capacitor  Integration  of  a  Current  Source 

Furthermore,  these  methods  may  be  built  into  existing  and  future  programs 
as  a  subroutine  without  sacrificing  flexibility. 

5.  TEMPERATURE  VARIATIONS  UNDER  LINAC  AND  AFXR  IRRADIATION 

In  these  experiments,  the  radiation- induced  conductivity,  as  a  function 
of  temperature  in  tantalum- oxide  and  ceramic  capacitors,  was  investigated 
at  a  LINAC  and  an  AFXR.  The  temperature  range  selected  was  from  0°C  to 
85°C  at  dose  rate,  jetween  1.  3  x  10^  to  9.  5  x  1CM-0  rad/s.  The  induced  cur¬ 
rents  were  measured  in  the  two  leads  of  the  capacitor  to  establish  the  magni¬ 
tude  of  charge  Scattering  effects.  Charge  measurements  made  for  tantalum- 
oxide  were  taken  in  the  voltage  lead.  Char,  measurements  for  ceramic 
capacitors  were  not  taken  because  of  the  usual  damped  oscillations  associated 
with  the  current  response. 

a.  Tantalum- Oxide  Capacitor  Irradiated 

The  data  obtained  at  LINAC  from  the  exposure  of  a  1-  /xF  100-WVdc 
tantalum-oxide  capacitor  is  shown  in  Table  *0.  Pulse  widths  were  varied 
from  0, 3  to  1.  5  p  s  while  the  voltage  applied  to  the  capacitor  was  held  con¬ 
stant  at  approximately  80  volts.  Four  temperature  settings  were  chosen  be¬ 
tween  O  ’C  and  85 °C.  To  compare  the  effects  of  LINAC  irradiation  to  AFXR 
pulses,  the  same  component  was  exposed  to  AFXR  over  the  same  temperature 
interval.  The  voltage  applied  to  the  capacitor  was  again  constant  and  about 
the  same  value  as  at  LINAC..  However,  the  pulse  width  was  shortened  to  ap¬ 
proximately  100  ns.  The  results  of  the  AFXR  irradiation  are  shown  in  Table 
11. 


Variations  of  the  radiation- induced  current  with  temperature  during 
testing  were  explained  by  a  model  with  the  following  characteristics: 

•  A  single  electron  trapping  level  (E  )  a  few  KT  below  the  conduction 
band  nT 
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Table  10 


TANTALUM- OXIDE  CAPACITOR*  TEMPERATURE  VARIATIONS  AT  LINAC 


tp  (  A'-s) 

D  (109  rad/s) 

imi  (mA) 

im2  (mA) 

Temperature  =  0°C 

0.32 

2.29 

6.0 

5.25 

0.  51 

2.  29 

10.0 

10.  0 

1.04 

1.94 

15.25 

— 

1.04 

1.94 

15.  25 

15.  50 

1. 50 

1.75 

21.0 

21.  0 

Temperature  =  20.5l'C 

0.31 

2.  24 

9.  5 

8.8 

0.64 

1.75 

15.  5 

15.75 

1.04 

1.75 

24.  5 

1.04 

1.75 

25.0 

25.0 

1.  50 

1.81 

36.0 

36.0 

Temperature  =  39.4°C 

L. _ _ _ _ _ _ _ 

0.32 

1.57 

11.  5 

11.3 

0.  60 

1.45 

20.  25 

20.  25 

0.  65 

1.51 

20.  5 

20.5 

0.  66 

1.33 

21.0 

21.0 

1.05 

1.39 

38.0 

38.0 

1.  57 

1.33 

— 

49  0 

1.  57 

1.33 

— 

53.0 

1.  57 

1.33 

53.0 

53.0 

Temperature  =  83.8  "C 

0.  32 

1.81 

26.0 

25.0 

0.  65 

1.45 

46.  0 

41.0 

1.08 

1.39 

60.  0 

66.0 

1.  57 

1.  33 

94.0 

94.0 

*1-  p.F,  100-WVde  capacitor  at  constant  applied  voltage 

of  80.  46  volts 

---  Represents  camera  failure  or  oscillogram  response  with  improper 

scale  settings 
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Table  11 


TANTALUM- OXIDE  CAPACITOR* 
TEMPERATURE  VARIATIONS  AT  AFXR 


Temperature  (rC) 

D(1010  rad/s) 

i  (mA) 

nij '  ' 

im2(mA) 

Qt  (10"^coulombs) 
ll 

20 

7.07 

427.  0 

425.9 

3.81 

40 

6.68 

545.  0 

561.0 

4.64 

50 

8.26 

763.6 

768.  0 

6.0 

60 

6.27 

790,  0 

779.0 

5.  64 

85 

7.44 

1227.0 

1221.0 

7.64 

Note:  Pulse  width  constant  at  a  proximatcly  100  ns. 

*  l-/xF  100-WVdc  capacitor  at  constant  applied  voltage  of  79.  7  volts: 

( Same  component  that  was  irradiated  at  LINAC) 

•  Hole  kinetics  neglected  (holes  are  assumed  to  be  trapped  immedi¬ 
ately  or  to  be  immobile) 

•  Recombination  at  deep  lying  centers. 

In  this  model  an  effective  mobility  is  defined  (Reference  2)  as: 


fX  *  =: 


.iLL_ 

T'  -)■  r  rp 


(16) 


where  r  is  the  free  time  an  electron  spends  in  the  conduction  band  and  r,p 
is  the  time  it  spends  in  traps,  r  ,p  is  given  by 


r  -1 

T 


-E  /KT, 


n, 


v 


S  N 
n  c 


T 
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where 


S  =  the  capture  cross  section  of  an  unoccupied  trapping  center 
v  =  thermal  velocity  of  carriers 
N  =  effective  density  of  states  in  the  conduction  band 
E  =  trapping  energy  level 

T  =  temperature  (°K) 

K  =  Boltz man's  constant  (8.63  x  IQ”5  eV/°K), 

The  conductivity  that  will  be  observed  is  then  given  by 


<j  =  iie/x  * 

(17) 

or 

ne/i  r 

or  = 

(  r  -i  rT) 

(18) 

Assuming  r  <  r  _  and  knowing  the  current  density,  J  =cr  E, 
the  observed  radiation- induced  current  by 

-E  /KT 
nT 

i  Ne  A  , 

one  can  express 

(19) 

where  N  is  a  lumped  constant  possessing  a  slow  temperature  dependence  com 
pared  to  the  exponential  term 

-E  /KT 
nT 

o  1 

The  shallow  electron  trapping  level  is  obtained  by  plotting  log  1  /CVD  versus 
1/T,  the  slope  boing  -E  /K.  The  data  shown  in  Tables  10 'and  11  are 

used  to  compare  the  L1NAC  and  AFXR  results  (Figure  12).  The  straight  lines 
are  least  squares  fit  to  the  data.  The  slopes  determined  for  the  LINAC  data 
are  essentially  constant,  (2. 17  x  103  °K  ±  3%).  The  slope  for  the  AFXR  ir¬ 
radiation  is  1.  70  x  103  °K.  These  results  imply  an  average  trapping  energy 
level  of  0.  2  eV  for  the  LINAC  and  0.  15  eV  for  the  AFXR.  The  results  agree 
within  experimental  accuracy. 


!.*g*nd : 

X  A  FXR 

A,  *,0,7  UNAC 


in  10 
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Figure  12.  Temperature  Variations  for  a  1-  tuF  100-WVdc 
Tantalum-" Oxide  Capacitor  (LINAC  and  AFXR  Tested) 
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Ceramic  Capacitors  Irradiated 


In  these  experiments,  ceramic  capacitors  of  high  K-formulation  barium- 
titanate  were  exposed  to  radiation  at  several  different  sources.  The  usual 
response  of  the  ceramic  capacitors  to  the  radiation  pulse  was  a  prompt  por¬ 
tion  of  radiation- induced  current  characterized  by  the  usual  dielectric  model 
and  following  the  radiation  pulse.  After  the  pulse,  the  ceramic  capacitor  gen¬ 
erated  an  oscillatory  damped  mode  of  constant  frequency.  This  ringing  or 
oscillation  is  thought  to  be  due  to  the  use  of  a  piezoelectric  material  as  a  di¬ 
electric.  If  the  component  is  heated  by  the  pulse  in  a  short  time  (compared 
to  its  thermal- relaxation  time),  a  pressure  pulse  is  developed.  The  pressure 
pulse  shock  excites  the  unit,  causing  it  to  vibrate  at  its  mechanical  resonant 
frequency.  This  vibration  generates  the  ringing  output  signal  seen  in  the 
measuring  circuit. 

To  ensure  that  these  oscillations  were  not  caused  by  the  circuit,  dif¬ 
ferent  measuring  systems  were  employed  with  variable  circuit  parameters. 
Temperature,  applied  voltage,  and  pulse  widths  were  also  varied.  In  each 
case  the  period  of  vibration  was  constant,  whether  current  probes  or  samp¬ 
ling  resistors  were  used.  This  indicates  that  the  oscillations  are  of  dielec¬ 
tric  origin  and  not  due  to  circuit  ringing.  The  results  of  these  experiments 
are  shown  in  Table  12. 

E.  CAPACITOR  EXCHANGE  PROGRAM 


1.  INTRODUCTION 

The  present  methods  for  measuring  and  analyzing  transient  radiation 
effects  in  capacitors  consist  of  applying  a  semi- empirical  equation  relating 
the  radiation- induced  current  to  the  capacitor  dielectric,  capacitance,  dose- 
rate,  and  applied  voltage.  This  equation  and  its  parameters  allow  a  design 
engineer  to  predict  the  magnitude,  duration,  and  circuit  history  of  the  radia¬ 
tion  effect  from  capacitors  for  which  data  have  been  tabulated.  To  ensure 
that  this  data  tabulation  is  consistent  and  accurate,  ECOM  has  established  a 
program  of  comparative  measurements  between  data  taken  by  General  Atomic 
and  IBM  on  the  same  components. 

The  largest  source  of  scatter  in  the  data  obtained  from  irradiation  of 
commercially  available  capacitors  is  due  to  variations  in  the  dielectric  ma¬ 
terial  or  in  the  construction  of  the  capacitors.  Identically  rated  capacitors, 
whose  electrical  responses  are  nearly  equal,  often  respond  very  differently  to 
a  radiation  burst.  This  program  of  comparative  testing  shows  that  these  vari 
ations  can  be  accounted  for  and  brings  the  data  of  independent  investigators 
into  closer  agreement. 
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Table  12 


CHARACTERISTIC  OSCILLATIONS  IN  CERAMIC  CAPACITORS 


LINAC  Data  from  General  Atomic  (December  1964,  Test) 

Variations 

Observed  Oscillations 

Pulse 

tp  (  ms) 

T  (°C) 

VA  (volts) 

Period  (/x  s) 

p 

Frequency  (10u  Hz) 

Sample  12  — 

0.  47  ix F,  50  WVdc 

3 

2 

25 

15 

4.2 

0.238 

4 

2 

25 

30 

4.5 

0.222 

5 

2 

_ 

25 

50 

5.0 

0.200 

Sample  16  — 

1  ^F,  25  WVdc 

3 

2 

25 

7.5 

4.4 

0.227 

4 

2 

25 

15 

4.6 

0.217 

5 

2 

25 

25 

4.5 

0.222 

6 

2 

25 

0 

4.0 

0.25 

Sample  13  — 

2.  2  /xF, 

25  WVdc 

1 

2 

25 

0 

4.2 

0.238 

2 

2 

25 

2.5 

4.2 

0.238 

3 

2 

25 

7.5 

4.4 

0.227 

4 

2 

25 

15 

4.4 

0.  227 

5 

2 

25 

25 

4.4 

0.227 

6 

2 

25 

25 

4.5 

0.222 

7 

2 

25 

0 

4.5 

0.222 

LINAC  Data  from  Wliite  Sands  (December  1965,  Test)* 

Sample  56  — 

1  MF, 

28  WVdc 

2 

2 

25 

23 

4.7 

0.213 

3 

1.5 

25 

23 

4.7 

0.213 

4 

I 

25 

23 

4.7 

0.213 

5 

0.5 

25 

23 

4.7 

0.213 

30 


mtr*  mnt ^ 


Table  12.  Characteristic  Oscillations  in  Ceramic  Capacitors  (coat) 


AFXR  Data  from  Physics  Ir.ternational  (March  1908,  Test)** 

Variations 

Observed  Oscillations 

Pulse 

^ ) 
_ i _ 

T  (nC) 

VA  (volts) 

Period  ( /xs) 

■  -  -  - . - 

Frequency  (10f^  Hz) 

Sample  55  - 

-  1  ,xF, 

25  WVdc 

2 

0.1 

25 

20 

4.4 

0.227 

3 

0.1 

25 

24 

4.0 

0.217 

4 

0.1 

25 

15 

4.0 

0.217 

5 

0.1 

25 

10 

4.0 

0.217 

6 

0.  1 

25 

5 

4.0 

0.  217 

7 

0.1 

25 

0 

4.0 

0.  217 

Sample  53  - 

-  0. 1  /xF,  00  WVdc 

1 

0.  1 

20 

45 

4.0 

0.217 

2 

0.1 

20 

40 

4.0 

0.  217 

3 

0.  1 

20 

30 

4.0 

0.217 

4 

0.1 

20 

20 

4.0 

0.217 

5 

.... 

0.1 

20 

10 

. 

4.0 

0.217 

2 

0. 1 

20 

10 

4.5 

0.  222 

3 

0.1 

40 

10 

4.0 

0.217 

4 

0.1 

50 

10 

4.0 

0.217 

5 

0.1 

00 

10 

4.0 

0.217 

0 

0.  1 

85 

10 

4.0 

0.217 

*  Signals  were  monitored  us  inf;  current  probes. 

**  Signals  were  monitored  us  inf  terminators. 

2.  DATA  COMPARISON 

Four  capacitor  samples  from  General  Atomic  are  listed  in  Table  13 
under  General  Atomic  characterization  (Reference  8).  To  compare  the  data 
/generated  by  General  Atomic,  IBM  irradiated  the  same  comixments  at  the 
White  Sands  LIN  AC.  The  results  oi'  these  tests  are  discussed  below. 

a.  Mica  Capacitors 

The*  radiation- induced  current  response  of  mica  dielectric  capacitors 
to  the  LIN  AC  pulse  rises  to  a  flat  maximum,  then  drops  sharply  at  the  end 
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Table  13 


CAPACITOR  DATA  FROM  GENERAL  ATOMIC 


Capacitor  Type 

Rated  Capacitance 
MF 

K  (106rad  -1) 
P 

A 

Sample  Number 

Foil  mica  CK5 

0.01 

10 

0.  90 

61 

Silvered  mica  CRK5 

0.01 

25 

0.  94 

62 

Solid  tantalum  150D 

1.0 

3.  6 

1.0 

24 

Solid  tantalum  150D 

1.0 

3.2 

1.0 

25 

of  tho  pulse.  This  is  indicative  of  a  prompt  responder  characterized  by  the 
relation  that 


i  =  K  CVD  ^  , 
m  p  * 


(20) 


whore 


=  the  parameter  characterizing  the  dielectric 
C  ~  the  capacitance  ( fx F) 

V  *  the  applied  voltage 

D  =  the  dose  rate  (rad/s) 

A  a  number  close  to  1  (dependent  on  the  trapping  distribution) 

i  a  the  maximum  observed  current, 
m 

With  the  assumption  that  mica  is  a  prompt  respondor,  Kp  can  also  be 
estimated  from  Equation  (8).  The  prompt  portion  of  the  charge  replenished  to 
the  capacitor  is  given  by 

Qp  =  Kp  CVD  A  tp.  (21) 

From  equations  (20)  and  (21),  Kp  values  were  computed  (Table  14).  The  K 
values  obtained  from  current  ana  charge  measurements  show  an  average  ^ 
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Table  14 


CURRENT  AND  CHARGE  MEASUREMENTS  FOR  MICA  CAPACITORS 


Pulse 

VA 

(volts) 

r 

Burst 

Derived  Parameters 

Difference 

<%) 

i 

m 

(mA) 

Qt  do 

coulombs) 

t 

P 

(  /x  s) 

mm 

—naa 

in 

-Qp..  K  (10"G) 

CVD  P 

Sample  01  —  0.  0099 

fjL  F,  500  WVdc 

1 

0 

0.7 

+ 

2.  05 

3.  14 

— 

BjjHHj 

— 

n 

199.9 

25.8 

+ 

2.05 

2.80 

0.  10 

— 

298.0 

49.0 

1.2 

2.05 

2.35 

0.98 

7.4 

17 

1 

400.3 

75.0 

1.8 

2.  05 

2.28 

7.  or/ 

8.  30 

10 

400.0 

72.  5 

1.  7 

2.  05 

2.28 

0.  82 

7.  89 

14 

Sample  02  —  0.010 

/x  F,  500  WVdc 

1 

0 

1.35 

2.05 

1.30 

— 

— 

— 

2 

148.5 

13.  75 

— 

2.05 

1.27 

7.28 

— 

— 

D 

304.  1 

23.80 

0.  54 

2.05 

1.14 

0.89 

7.59 

9 

■ 

408.4 

40.00 

0.95 

2.05 

0.98 

8.71 

10.2 

15 

■ 

Camera  failure 

difference  of  about  15  percent.  This  difference  points  out  that  there  may  be 
some  small  delay  components  that  cannot  be  found  in  the  current  measurement 
because  of  the  resolution  of  the  system.  An  estimate  of  the  sum  of  the  delayed 
components  is  given  by  the  difference  in  the  current  and  charge  measurements: 


Qrp 

CVD 


2  K 


n 


d 


n 


(22) 


G  1 

The  data  in  Table  9  show  an  average  difference  of  1. 19  x  10  (rad)  ,  indicat¬ 
ing  that  mica  can  be  assumed  to  have  a  delay  component  so  small  that  it  is 
not  indicated  in  the  current  response. 
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The  data  in  Table  14  show  that  the  maximum  induced- current  increases 
linearly  with  voltage  at  exposure  rates  of  about  10^  rad/s.  The  current  mag¬ 
nitudes  in  Sample  61  are  about  twice  those  of  Sample  62  because  the  dose  rates 
differ  by  a  factor  of  approximately  two. 

If  the  dose  rate  is  raised  to  the  power  delta  obtained  by  General  Atomic, 
then  the  Kp  values  for  Samples  61  and  62  are  comparable.  This  comparison 
is  shown  in  Table  15  and  indicates  that  the  difference  in  characterizations  of 
the  same  dielectric  by  two  independent  investigators  may  be  within  the  experi¬ 
mental  uncertainty  associated  with  the  determination  of  delta. 

b.  Tantalum- Oxide  Capacitors 

In  addition  to  the  mica  capacitors  listed  in  Table  13,  two  solid  tantalum- 
oxide  capacitors  were  irradiated  at  the  White  Sands  LINAC  and  compared  to 
the  characterization  obtained  by  General  Atomic.  The  IBM  data  for  this  test 
were  presented  in  Table  10  where  pulse  widths  and  temperature  were  varied 
at  dose  rates  of  around  10^  rad/s.  Temperature  is  important  because  an 
increase  in  temperature  will  increase  the  radiation- induced  current. 

The  data  used  to  compare  the  General  Atomic  work  are  taken  at  a  tem¬ 
perature  of  20.  5°C.  The  analytical  techniques  used  to  derive  the  defining 
parameters  of  the  radiation- induced  current  are  presented  in  Reference  1. 
These  are  the  following: 

For  times  greater  than  the  pulse  widths  (t  >  t  ),  the  maximum  induced 
current  is  given  by  ^ 


i(tn)  =  CV 


d 


t  / 


(23) 


This  expression  is  used  to  obtain  when  the  pulse  duration  t  is  small  com¬ 
pared  to  .  For  the  narrow  LINAC  pulses,  1 


.  /,  v  fcn/  Td  for  t  ,  <  r . 
i  (tm)  o  P  d 


CVDt 


and  t  £  t 


P 


P 


(24) 


An  expression  for  the  time  of  the  maximum  current  is 


t 

m 


jjrd_ 

vr 


K 


(25) 
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Table  15 


CHARACTERIZATION  OF  MICA  CAPACITORS 


Capacitor  Sample  Number 

General  Atomic  Numbers 

IBM  Values 

(10"  6  rad"1) 

K 

A 

(10  0  rad  A) 

K 

P 

K  * 

P 

01 

10 

0.  90 

7. 12 

17.3 

02 

25 

0.94 

8.49 

32.4 

ICp  value  obtained  when  the  dose  rate  was  raised  to  the  power  of  delta 
observed  by  General  Atomic 


Since  K  is  extremely  small  compared  to  Equation  (25)  becomes 


t 


m 


(20) 


The  only  unmeasurable  parameters  appearing  in  Equations  (24)  and  (20)  are 
K^and  rcp  Theoretical  values  oi  K<j  and  rd  are  selected  in  the  time  domains 
ol  interest  and  the  computed  responses  are  compared  to  experimental  work  by 
means  oi’  an  automated  circuit  analysis  program  (PREDICT).  Kp,  K^,  and 
Tg  are  adjusted  to  lit  the  experimental  data  (Table  10).  Table  1(3  is  still  in¬ 
complete;  however,  some  agreement  can  be  inferred  in  the  two  independent 
results  observed.  The  power  of  delta  to  wliich  the  dose  rate  is  raised  agrees 
with  General  Atomic  characterization.  The  first  delay  constant  can  be 
considered  to  be  part  of  prompt  response  but  can  be  resolved  from  the  data. 
Thus,  the  quantity  K>>  i  obtained  from  the  IBM  data  should  be  com¬ 

parable  to  the  Kp  value  found  by  General  Atomic.  With  tills  assumption,  the 
data  are  in  agreement. 

Table  10 


CHARACTERIZATION  OF  TANTALUM-OXIDE  CAPACITORS** 


Kp  duds'1) 
A 

k.  <ur2 

2  -i 
(rad-  s )  ) 

rd  in*) 

ul 

K,  (10'2 
(rud-sf1) 

t  i  (10  4s) 
u2 

Investigator 

3.0x10“°  1 

* 

* 

* 

* 

General  Atomic 

5x10" 7  1 

4.2 

0.85 

3.0 

2 

IBM 

*  Data  in  the  process  of  being  analyzed 

**  Solid  tantalum  150D,  1  p  F,  100  WVde  (Sample  24). 
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Section  III 


MAGNETIC  TESTS 


A.  INTRODUCTION 

The  purpose  of  the  magnetic  tests  was  to  collect  data  on  the  operation 
of  several  magnetic  devices  at  high  gamma  dose  rates  such  as  those  generated 
in  the  prompt  portion  of  a  weapon  burst.  These  data  will  be  used  to  deter¬ 
mine  if  more  extensive  testing  of  a  variety  of  magnetic  materials  should  be 
performed. 

To  accomplish  this  task,  two  types  of  memory  planes  with  some  cores 
set  in  each  flux  state  and  one  type  of  high-temperature  ferrite  core  were 
tested  in  a  LINAC  electron  beam.  Also,  one  type  of  memory  plane  with  cores 
set  in  each  flux  state,  a  magnetic  recording  rotor,  two  types  of  magnetic 
plating  test  strips,  and  three  types  of  high-temperature  ferrite  cores  were 
tested  in  the  X-ray  beam  of  an  AFXR. 

D.  LINAC  TESTS 

A  Gemini  memory  plane  and  a  Saturn  memory  plane  were  statically 
exposed  to  a  LINAC  electron  beam.  Each  core  plane  had  stored  information 
which  was  read  out  after  exposure  to  the  beam.  In  addition  to  the  static  tests, 
one  typo  of  RCA  high-temperature  ferrite  core  was  exposed  to  the  electron 
beam  while  being  either  fully  selected,  half -selected,  or  disturb  half-selected. 

1.  STATIC  TESTS 


The  Gemini  plane,  part  no.  0144139,  consists  of  4,090  type  T-45  multi- 
aperture  (MARS)  ferrite  memory  cores.  The  type  T-45  core  is  composed  of 


a  ferrite  material  known  as  103,  type  11. 
typo  T-02  toroidal  ferrite  memory  cores. 


The  Saturn  plane  consists  of  8, 192 
The  T-62  core  is  composed  of 


normal  copper  manganese. 


Each  pliuiu  was  divided  into  nine  sections,  and  each  section  contained 
100  corer  ''Figure  13).  The  memory  planes  were  checked  out  on  the  Digital 
Equipmon  Corporation  1520  plane/array  tester.  The  output  responses  of  the 
eoruu  in  each  section  were  photographed.  Then,  the  cores  were  set  to  the 
flux  states  listed  in  Table  17.  Thu  planes  were  wrapped  with  a  magnetic 
shielding  material  to  protecl  (he  stored  information  from  stray  magnetic 
fields. 


a.  Gemini  Memory  Plane 


Figure  13.  Memory  Planes 
Table  17 

FLUX  STATES  FOR  MEMORY  ARRAY  TESTS 


Section 

A 

B 

C 

D 

E 

F 

G 

H 

I 

Flux  State 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1.66 -1D2 


Sections  G,  H,  and  I  oi'  both  planes  were  exposed  to  a  0.  6-  ,us  pulse  of 
electrons.  The  Saturn  plane  received  total  doses  of  2900  rad  at  Section  G, 

3300  rad  at  Section  H,  and  2100  rad  at  Section  I.  The  peak  dose  rate  was 
2.B  x  10^  rad/s.  The  Gemini  plane  received  total  doses  of  1300rad  at  Sec¬ 
tion  G,  900  rad  at  Section  H,  and  900  rad  at  Section  I.  The  peak  dose  rate  was 
1.0  x  10°  rad/s.  Sections  A  through  F  in  both  planus  were  shielded  from 
the  electron  beam. 

After  the  memory  planes  were  returned  from  the  test  site,  the  individual 
sections  were  read  out  using  the  same  procedure  as  for  the  pro -irradiation 
checkout.  Sections  A,  13,  and  C  were  used  as  reference  sections  and  were 
subjected  to  the  same  environments  as  Sections  G,  II,  and  I,  except  for  radiation. 
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Comparison  of  the  oscillograms  of  the  core  responses  taken  before  and  after 
irradiation  revealed  no  apparent  degradation  of  the  core  responses  due  to  the 
effects  of  radiation  or  any  other  phenomenon. 

2.  DYNAMIC  TESTS 

RCA  type  264M1  wide- temperature- range  ferrite  memory  cores  were 
exposed  to  a  10-/xs  pulse  of  electrons  at  an  exposure  rate  in  excess  of  109 
rad/s,  while  operating  in  each  of  four  switching  conditions.  Technical  data 
on  this  core  type  are  shown  in  Table  18. 


Table  18 

MEMORY  CORE  DATA 


Parameter 

Typical  Value 

Outside/inside 

diameter 

50/30  mils 

Full  select  current 

630  mA 

Pulse  width 

1.5  fx  s 

Output  U  V. 

80  mV 

Outpul  d 

12  mV 

Switching  time 

0.  90  /xs 

Five  cores  were  connected  in  series  to  increase  the  signal -to-noise 
ratio  of  the  output  voltage.  This  gave  an  output  voltage  of  approximately 
400  mV.  The  axes  of  the  cores  and  windings  were  oriented  perpendicular  to 
the  electron  beam. 

The  cores  were  operated  in  the  following  modes  while  being  exposed  to 
the  electron  beam: 

•  Full  write,  followed  by  a  full  read 

•  Full  write,  followed  by  a  half -select  read 

•  Full  write,  followed  by  two  half -select  read  pulses,  then  a  full  read 

•  Full  read,  followed  by  two  half -select  write  pulses,  then  a  full  read. 


Photos  were  taken  of  the  core  output  responses  and  drive  currents  in 
each  of  the  four  switching  modes  before,  during,  and  after  irradiation.  The 
output  responses  and  drive  currents  in  the  first  switching  mode  were  also  moni¬ 
tored  while  the  machine  was  being  pulsed,  but  the  electron  beam  was  stopped 
by  an  aluminum  block  in  front  of  the  core  sample.  The  purpose  of  this  test 
was  to  check  for  non-radiation  problems,  such  as  the  r-f  field  associated 
with  the  LINAC.  All  tests  were  performed  in  the  test  circuit  shown  in 
Figure  14. 

Comparison  of  the  photos  taken  before  and  after  irradiation  with  the 
photos  taken  during  irradiation  showed  no  apparent  degradation  of  the  core 
responses.  TLD  dosimetry  was  not  employed  for  this  test.  However,  by 
determining  the  dose  rate  at  the  same  location  for  an  equivalent  Current 
pulse,  the  dose  rate  was  estimated  at  2.  7  x  10^  rad/s.  The  oscillograms 
of  the  "one"  output  before,  during,  and  after  irradiation  are  compared  in 
Figure  15. 


Figure  14.  Core  Test  Circuit 
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a.  Pre-Irradiation 


Vertical  —  200  mV/DIvision 
Horizontal  —  1  ^zs/Division 


b.  During  Irradiation 

Vertical  —  200  mV/Division 
Horizontal  —  1  yxs/Division 


c.  Post-Irradlatlon 

Vertical  -  200  mV/Divislon 
Horizontal  —  1  fts/DIvIslon 


i 
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C.  AFXR  TESTS 


A  Gemini  multi-aperture  memory  plane,  a  drum  memory  recording 
rotor,  and  magnetic  plating  test  strips  were  statically  exposed  to  the  AFXR 
beam.  The  memory  plane  and  the  recording  rotor  had  stored  information 
which  was  read  out  after  exposure  to  the  X-ray  beam.  The  magnetic  plating 
test  strips  were  tested  before  and  after  irradiation  to  detect  any  changes  of 
magnetic  properties.  In  addition  to  the  static  tests,  three  types  of  high- 
temperature  ferrite  memory  cores  were  monitored  in  the  AFXR  environment 
while  operating  in  various  electrical  modes. 

1.  STATIC  TESTS 

a.  Multi- Aperture  Memory  Plane 

The  same  Gemini  multi-aperture  memory  plane  tested  at  the  LINAC 
was  selected  for  testing  at  the  AFXR.  A  second  Gemini  memory  plane  was 
prepared  as  a  reference  plane  and  was  packaged  with  the  test  plane  to  detect 
if  the  test  plane  was  subjected  to  any  disturbing  influence  due  to  shipping, 
handling,  temperature,,  etc.  The  two  planes  received  the  same  environmental 
conditions  except  for  the  radiation  exposure. 

Each  plane  was  divided  into  nine  sections  with  information  stored  in 
each  section.  The  reference  plane  had  16  cores  per  section  with  "ones" 
written  into  every  core.  The  test  plane  had  100  cores  per  section  with  in¬ 
formation  stored  in  the  pattern  shown  in  Figure  16.  The  terminations  of  two 
x-lines  and  one  y-line  were  shorted  to  provide  two  closed  current  paths  in 
the  x-direction  and  one  closed  current  path  in  the  y -direction.  The  shorted 
windings  were  used  to  determine  whether  the  charge  scattering  effects  on 
current  could  be  enhanced  by  lowering  the  external  circuit  impedance. 

The  1/0  section  in  the  center  of  the  plane  was  the  radiation  target, 
with  the  other  sections  receiving  fringe  effects.  The  divisions  of  the  center 
section  into  half  "ones"  and  half  "zeros"  with  both  open  and  shorted  drive 
lines  produced  eight  distinct  conditions  (Table  19). 

The  memory  planes  were  checked  out  on  the  Digital  Equipment  Cor¬ 
poration  1520  plane/array  tester.  The  output  responses  of  the  cores  in 
each  section  were  photographed.  The  cores  were  then  set  to  the  indicated 
flux  states. 

The  test  plane  was  exposed  to  one  AFXR  pulse  centered  at  Section  E. 
The  dosimetry  data  is  presented  in  Table  20. 
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Shorted 

X-Lines 


Y-Line 

L66-194 

Figure  16.  Memory  Plane  Test  Configuration 

Table  19 

MEMORY  PLANE  TEST  CONDITIONS 


X-line 

Y -line 

Hysteresis 

State 

- . -  - . . . 

Number  of  Cores 

Shorted 

Open 

1 

9 

Shorted 

Open 

0 

9 

Open 

Shorted 

1 

5 

Open 

Shorted 

0 

3 

Shorted 

Shorted 

1 

1 

Shorted 

Shorted 

0 

1 

Open 

Open 

1 

45 

Oil  on 

Open 

0 

27 
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Table  20 


GEMINI  MEMORY  PLANE  DOSIMETRY  DATA 


Section 

Dose/  ,v 
(rad) 

Dose  Rate(10ll  rad/s) 

A 

2800 

0.  077 

B 

3500 

0.  097 

f 

C 

3100 

0.  085 

D 

3600 

1.0 

E 

4600 

1.  3 

F 

4600 

1.3 

G 

4200 

1.  2 

H 

5700 

1.6 

I 

4900 

1.4 

After  the  memory  planes  were  returned  from  the  test  site,  the  individ 
ual  sections  were  read  out  using  the  same  procedure  as  for  pre-irradiation 
checkout.  Comparison  of  the  pre -irradiation  data  to  the  post -irradiation 
data  of  the  reference  plane  established  that  no  damage  was  incurred  during 
routine  handling  and  shipping.  Comparison  of  the  pre -irradiation  photos  to 
the  post -irradiation  photos  of  the  test  plane  gave  no  indication  that  the  flux 
state  of  the  cores  had  been  altered  due  to  the  effects  of  radiation. 


b.  Drum  Memory  Recording  Rotor 

A  drum  memory  recording  rotor  having  a  nickel -cobalt  plating  with  a 
coorcivity  of  225  oersteds  was  selected  for  evaluation.  Patterns  of  continuous 
"ones"  wore  written  on  10  tracks  across  this  rotor  and  on  two  tracks  of  a 
reference  rotor.  The  read-back  amplitudes  from  both  rotors  were  recorded 
for  comparison  to  the  read- backs  after  irradiation. 
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The  rotor  was  exposed  to  an  AFXR  pulse  of  4700  rad  at  a  dose  rate  of 
1.  4  x  10 1  ^  rad/s  at  the  point  on  the  drum  nearest  the  AFXR  tube.  The 
read- each  amplitudes  of  the  test  drum  after  irradiation  were  compared  to 
the  read-back  amplitudes  prior  to  irradiation  in  Table  21.  Also  given  are  the 
read-back  amplitudes  of  the  reference  rotor.  Comparison  of  the  pre-  and 
post -irradiation  read-backs  shows  no  apparent  degradation  due  to  X-ray 
irradiation  at  rates  as  high  as  1.4  x  1011  rad/s.  The  minor  discrepancies 
are  within  experimental  accuracy. 


Table  21 


RECORDING  ROTOR  READ-BACK  AMPLITUDES 


Track  Number 

Peak -to -peak 
amplitude  (volts) 

Before 

After 

Test  Rotor  -  Number  33 

11 

10.0 

10.0 

14 

11.0 

11.0 

20 

11.0 

i0.5 

25 

11.0 

11.0 

31 

11.0 

11.0 

35 

11.5 

11.0 

40 

11.5 

11.0 

45 

11.5 

11.0 

55 

11.5 

11.0 

60 

11.5 

11.0 

Reference  Rotor  -  Number  243 

20 

11.0 

11.0 

60 

11.0 

10.5 

45 
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c. 


Magnetic  Plating  Test  Strips 


A  plating  test  strip  of  the  same  magnetic  material  as  the  recording 
rotor  (225  oersteds)  and  a  plating  test  strip  of  an  experimental  material 
having  a  coercivity  of  690  oersteds  were  exposed  to  an  AFXR  pulse.  The 
225-oersted  materia!,  received  a  4700-rad  pulse  at  a  peak  dose  rate  of  1.  4 
x  1011  rad/s.  The  680-oersted  material  received  a  650-rad  pulse  at  a  rate 
of  1.8  x  1010  rad/s.  Since  a  minimum  rate  of  10^  rad/s  was  desired, 
this  material  was  exposed  to  a  second  AFXR  pulse.  This  time  the  test  strip 
received  4500  rad  at  a  rate  of  1.  2  x  .10 ^  rad/s. 

Pre-  and  post-irradiation  hysleresigrams  of  the  test  strips  were  com¬ 
pared  to  detect  any  changes  in  the  magnetic  properties  of  either  material. 
Neither  sample  showed  any  change  of  coercivity,  remanent  magnetization, 
or  loop  squareness. 

2.  DYNAMIC  TESTS 


The  behavior  of  three  types  of  ferrite  cores  capable  of  operating  over  a 
100 °C  temperature  range  in  coincident  current  memories  was  investigated 
in  an  AFXR  environment  in  various  electrical  and  physical  configurations, 

The  tests  were  designed  to  show  if  the  high  dose  rates  obtainable  from  tin; 
AFXR  can  cause  a  failure  and  if  some  configurations  are  more  susceptible 
than  others. 


The  test  apparatus  was  designed  with  lead  shielding  in  front  of  the  cur¬ 
rent  probes  and  in  front  of  the  cable  ends  connected  to  the  test  sample,  The 
dose  rate  at  the  face  of  the  AFXR  tube  was  less  than  anticipated  so  the  lead 
shielding  in  front  of  the  cable  ends  was  removed  to  position  the  test  sample 
at  the  face  of  the  AFXR  tube.  Dose  rates  in  excess  of  10^  rad/s  were  ob¬ 
tained  with  this  configuration.  Operating  with  the  cable  ends  and  test  sample 
socket  unshielded  increased  tiie  amount  of  material  directly  in  the  beam, 
causing  large  currents  due  to  charge  scattering'  in  the  test  circuit  during  the 
pulse.  Tills  test  was  not  designed  to  determine  failure  mechanisms  or  to 
extrapolate  results;  however,  several  inferences  can  be  made  from  the  data 
obtained. 


a,  Test  Performance  mid  Results 

The  devices  tested  were  RCA  high-temperature  ferrite  cores,  types 
264M1,  270M1,  and  J67M5.  A  fourth  core  type,  Indiana  General  MC227,  was 
prepared  for  testing  but  was  dropped  from  the  test  plan  because  of  lack  of 
time  at  the  test  facility.  Technical  data  on  the  four  core  types  is  given  in 
Table  22. 
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Table  22 


MEMORY  CORE  DATA  FOR  FERRITE  CORE 


1 1 
kJ 


Parameter 

Typical  Values  For  the  Cores 

204M1 

270M1 

1G7M5 

MC227 

Outside/Inside  Diameter  (mils) 

50/30 

30/18 

30/18 

50/30 

Full  Select  Current  (tnA) 

030 

800 

025 

700 

Pulse  Width 

(  /as) 

1.5 

0.  5 

0.  8 

2.5 

Output  d  Vj 

(mV) 

— 

05 

50 

— 

Output  u  Vj 

(mV) 

80 

— 

— 

52 

Output  d  V„ 

lu 

(mV) 

12 

tl 

4 

8 

Switching  Time 

(  /AS) 

_ 

0,  00 

0.41 

0,58 

1.35 

Cures  In  u  coincident  current  memory  are  lull -selected  by  simulta¬ 
neously  iiali-seleetinn  in  both  the  x  and  y  directions,  To  duplicate  this  con¬ 
dition,  ouch  test  sample  was  wired  with  an  x-windini’,  and  a  y -windier,  in 
series  to  lull-select  and  operated  independently  to  hall-select,  The  output 
voltape  was  monitored  across  a  sense  windinp,.  These  windings  wore  wound 
through  several  cores  to  increase  the  output  vultupe  to  approximately  200 mV, 
Ten  test  samples  wore  prepared  lor  testlnr,  in  various  conllaurallonsi 

•  Sample  1  -  Throe  cores  ol  tvpe  204M1  wound  with  one  x-wlndlnp,, 
one  y-wlndinp;,  and  one  sense  wlndinpp  Tho  eores  were  positioned 
coaxlutly  with  the  beam. 

•  Sample  2  -  Four  eores  oi  type  MC22V  in  the  same  eonlip.urntlon  as 
sample  1 

•  Sample  11  -  Four  eores  ol  typo  270M1  in  the  same  ooni'luurutitm  as 
sample  1 

•  Sample  4  -  Five  euros  ol  type  107Mb  in  the  same  eunllp, unit  Ion  us 
sample  1 

•  Sumplu  l)  -  Three  cores  ol  type  2ti4Mi  in  the  same  coni iaurat ion  as 
sample  l.  Tho  cores  and  the  windings  were  polled  with  Dow  Corning 
XT-40- 110  methyl  phenyl  slloxanu. 
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•  Sample  6  -  Three  cores  of  type  264M1  wound  with  an  x-winding, 
one  y -winding,  one  sense  winding,  and  a  fourth  winding  which  was 
referenced  to  a  d-e  voltage.  The  cores  were  positioned  coaxially 
with  the  beam. 

•  Sample  7  -  Core  windings  arranged  identical  to  sample  1  but 
without  any  cores 

•  Sample  8  -  Identical  to  sample  7  but  encapsulated  with  Dow  Corning 
XT -40-110  methyl  phenyl  siloxane 

•  Sample  9  -  Three  cores  of  type  234M1  wound  with  one  x-winding, 
one  y-winding,  and  one  sense  winding.  The  axes  of  the  cores 
were  positioned  perpendicular  to  the  beam. 

«  Sample  10  -  Three  cores  of  type  264M1  wound  with  one  x-winding, 
one  y-winding,  and  one  sense  winding.  The  x-winding  had  the 
length  and  physical  arrangement  of  a  typical  multi-level  memory. 

The  cores  were  positioned  coaxially  with  the  beam. 

Each  of  these  test  samples  could  be  tested  in  any  of  the  following  switching 
conditions: 

•  Full  read,  during  the  AFXR  pulse,  of  cores  in  the  "one"  flux  state 

•  Full  read,  during  the  AFXR  pulse,  of  cores  in  the  "zero"  flux  state 

§  Half -select  road,  during  the  AFXR  pulse,  of  cores  in  the  "one" 
flux  state  and  full  read  after  the  occurrence  of  the  AFXR  pulse 

•  Half -select  write,  during  the  AFXR  pulse,  of  cores  in  the  "zero" 
flux  state  and  full  read  after  the  occurrence  of  the  AFXR  pulse. 

Tho  full-select  tests  were  performed  in  the  circuit  configurations  shown 
in  Figure  17.  A  half -select  pulse  was  applied  through  the  x-  and  y-wlndings 
connected  in  series  to  obtain  a  full -select  drive.  Currents  wore  monitored 
during  the  AFXR  pulse  at  the  points  indicated  on  the  diagram.  The  output 
voltage  was  monitored  differentially  across  the  cable  termination  resistors. 

The  tost  circuit  was  operated  in  two  physical  conditions: 

•  Condition  1  (R1  -  50  ohms,  R2  =  0  ohms)  placed  tho  drive  windings 
in  the  grounu  side  of  tho  drive  cable  termination,  wiiieh  referenced 
the  drive  windings  to  zero  volts 
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•  Condition  2  (R1  0  ohms,  R2  -  50  ohms)  placed  the  drive  windings 

in  the  voltage  side  of  the  drive  cable  termination,  which  referenced 
the  drive  windings  to  the  drive  potential  (e.  g. ,  type  264M1  has  a 
drive  current  of  315  mA;  therefore,  the  drive  potential  is  equal  to 
315  mA  times  50fl  =  15.  75  volts).  H 


Figure  1C.  Hall' -Select  Teat  Circuit 
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AFXR  pulse.  The  x -winding  was  used  to  set  the  core  in  the  proper  flux  state 
and  to  full  read  after  the  pulse.  Currents  were  monitored  during  the  AFXR 
pulse  at  the  points  indicated  on  the  diagram.  The  output  voltage  was  monitored 
differentially  across  the  cable  termination  resistors.  This  circuit  was  also 
operated  in  the  two  physical  conditions  described  for  the  full-select  circuit. 

The  test  was  performed  inside  an  aluminum  R-F  shield  box  positioned 
against  the  wall  of  the  exposure  room  at  the  beam  entrance.  A  6 -inch-thick 
lead  shield  protected  the  current  probes  from  radiation.  The  cable  ends 
connected  to  the  cores  were  shielded  by  a  2 -inch-thick  lead  shield.  Table  23 
lists  the  tests  performed  in  this  configuration  and  the  dosimetry  data  for  each. 

Table  23 

CIRCUIT  TEST  DESCRIPTION  WITH  CABLE  ENDS  SHIELDED 


Sample 

Number 

Test  Description 

Drive  Winding 
Reference 

Dose 

(rad) 

Dose  Rate 
(lO1^  rad/s) 

1 

Full-select  read,  during 

Ground 

2200 

6 

9 

AFXR  pulse,  of  cores 

Ground 

2500 

7 

5 

in  ’’one"  flux  state 

Ground 

1200 

3.4 

7 

Full -select  read,  during 

Ground 

1600 

4.2 

8 

AFXR  pulse,  of  core  windings 

Ground 

2300 

6 

Currents  due  to  charge  scattering  wore  observed  in  all  leads;  however, 
no  core  switching  failures  were  observed.  The  currents  observed  in  the 
samples  without  cores  were  comparable  to  the  currents  observed  in  the 
samples  with  cores.  The  currents  observed  in  the  potted  samples  wero 
comparable  to  the  currents  observed  in  the  samples  which  were  not  potted, 

The  load  shield  in  front  of  the  cable  ends  was  removed  to  allow  the 
samples  to  be  positioned  closer  to  the  AFXR  tube  to  obtain  higher  dose  rates. 
Table  24  lists  the  tests  performed  in  this  configuration. 

In  each  ease,  the  cores  exhibited  the  proper  output  during  and  after 
the  AFXR  pulse.  Current  due  to  charge  scattering  was  observed  in  every 
lead.  The  currents  observed  in  the  samples  without  cores  wore  com¬ 
parable  to  the  currents  observed  in  the  samples  with  cores.  Exposure  of 
the  tost  fixture  without  a  sample  plugged  in  indicated  that  approximately  half 
the  current  originated  in  the  test  fixture.  When  the  drive  windings  wero 
referenced  to  ground,  the  current  in  the  load  connected  to  ground  was  much 
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Table  2i 


CIRCUIT  TEST  DESCRIPTION  WITH  CABLE  END  SHIELD  REMOVED 


Teat  Description 

Sample 

Number 

Drive  Winding 
Reference 

Dose 

(rad) 

Dose  Hate 
(1011  rad/s) 

Full-select  read,  during  the 

1 

Ground 

6500 

1.8 

AFXH  pulse,  of  cores  in  the 

1 

Drive  potential 

5800 

1.8 

"one11  flux  state 

S 

Drive  potential 

0300 

1.6 

10 

Ground 

4800 

1.3 

Full-select  read  applied 

7 

Drive  potential 

4700 

1.3 

to  core  windings  during  the 

AFXH  pulse 

Full-select  read,  during  the 

1 

Ground 

5400 

1.7 

AFXH  pulse,  of  cores  in  the 

0 

Ground 

0800 

1.0 

"zero"  flux  statu 

Half-select  read,  during  (he 

1 

Ground 

3000 

1.2 

AFXH  pulse,  of  cures  in  the 

0 

Ground 

4300 

1.3 

"one"  flux  statu 

0 

Ground 

8000 

3.4 

10 

Ground 

7300 

3.0 

3 

Ground 

4300 

1.3 

a 

Drive  potential 

4000 

1.2 

* 

Ground 

4300 

1.3 

■» 

Drive  potential 

3400 

1.3 

Half-select  read  applied 

7 

Ground 

4000 

4  t  •* 

to  core  windings  during  the 

7 

Drive  potential 

4300 

1.3 

AFXH  pulse 

Hu  If -select  write,  during  the 

3 

Ground 

3700 

1.0 

AFXH  pulse,  uf  cures  in  the 

3 

Drive  potential 

4000 

1.4 

"zero"  flux  state 

4 

Ground 

4300 

1.3 

Test  fixture  without 

Drive  potential 

3000 

1.1 

u  sample 
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large*r  than  the  lead  connected  to  the  generator  through  the  termination 
resistor.  When  the  drive  winding  was  referenced  to  the  drive  potential,  the 
currents  in  both  leads  were  comparable.  This  appeared  to  be  due  to  the  matched 
impedance  to  ground  (the  50 -ohm  termination  in  one  lead  and  the  50 -ohm 
generator  impedance  in  the  other  lead)  rather  than  the  presence  of  the  drive 
voltage,  because  the  sense  winding  always  had  a  matched  impedance  to  ground 
and  currents  comparable  to  each  other. 

Since  the  core  switching  was  not  influenced  by  the  AFXR  beam  at  dose 
rates  available  in  the  exposure  room,  the  IBM  shield  box  and  the  front  wall 
of  the  exposure  room  were  removed  to  permit  a  higher  dose  rate  by  position¬ 
ing  the  core  samples  against  the  face  of  the  AFXR  tube.  The  extremely  high 
R-F  noise  level  with  this  configuration  did  not  permit  data  recording  during 
the  AFXR  pulse.  The  following  is  a  description  of  the  tests  performed  and 
the  effects  observed  under  these  conditions.  All  tests  were  performed  with 
Sample  3. 


While  set  to  the  ’'one'*  flux  state,  the  core  was  half -select  read  during 
the  AFXR  pulse.  Post-irradiation  read-out  revealed  that  the  "one"  stored  in 
the  core  was  destroyed.  The  dose  was  10,  800  rad  at  a  peak  dose  rate  of  3  x  101  * 
rad/s.  Figure  19  compares  the  "one"  output  recorded  before  the  pulse  to  the 
output  recorded  after  the  pulse. 


a,  Pre -Irradiation  b,  Post-Irradiation 

Vortical  —  100  mV/DlvlsIon  Vertical  —  100  mV/DlvIsIon 

Horizontal  —  100  ns/DlvlsIon  Horizontal  —  100  ns/DlvIslon 

Figure  19.  Core  Output  Response  of  a  "one"  Output  iwo-sis 

Before  and  Alter  10,  800  rad 

The  above  test  was  repeated  to  verify  that  the  stored  information  was 
not  lost  duo  to  a  mistake  in  the  procedure  or  due  to  a  freak  occurrence.  Tho 
stored  "one"  was  destroyed  during  tho  AFXR  pulse.  The  dose  was  8100  rad  at 
a  peak  rate  of  1!.  2  x  10^  rad/s.  Figure  20  compares  the  "one"  output  recorded 
before  the  pulse  to  tho  output  recorded  after  tho  pulse. 
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Vertical  —  100  mV/DivIsion 
Horizontal  —  100  ns/Division 


Figure  20, 


b.  Post-Irradiation 

Vertical  *—  100  mV/Division 
Horizontal  —  100  ns/Divlsion 


H66-316 


Core  Output  Response  of  a  "one”  Output 
Before  and  After  8100  rad 


With  the  cores  in  the  "zero”  flux  state  a  half -select  write  was  applied 
during  the  occurrence  of  the  AFXR  pulse.  Post-test  read-out  revealed  that  a 
"one”  was  partially  written  into  the  core.  The  dose  was  10,  000  rad  at  a  peak 
dose  rate  of  2.7  x  1011  rad/s.  Figure  21  is  the  comparison  of  the  "zero"  out' 
pul  recorded  before  the  pulse  to  the  output  recorded  after  the  pulse. 


Vertical  —  100  mV/D!vl*lon 
Horizontal  —  100  n*/Dlvl$lon 


Vertical  —  200  mV/Dlvl»lon 
Horizontal  —  100  ns/Divlsion 


Figure  21,  Core  Output  Responses  of  a  "zoro"  Output 

Before  and  After  10,  000  rad  m-o-si/ 


The  core  was  set  to  the  "one"  flux  state,  then  exposed  to  an  AFXR  pulse. 
Post- irradiation  read-out  revealed  that  the  "one"  was  destroyed.  The  dose 
was  8600  rad  at  apoukdose  rate  of  2.  4  x  1011  rad/s.  Figure  22  compares  the  "one" 
output  rocorded  before  the  pulse  to  the  output  recorded  after  the  pulse. 
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a.  Pre-Irradiafrion  b.  Post-Irradiation 

Vertical  —  200  mV/Division  Vertical  —  200  mV/Division 

Horizontal  —  100  ns/Divisi'on  Horizontal  —  100  ns/Dfvision 

Figure  22.  Core  Output  Response  of  a  "one"  Output  H66 

Before  a  id  After  8600  rad 


The  core  was  definitely  failing  at  dose  rates  only  slightly  higher  than 
the  rates  received  inside  the  shield,  where  no  failures  were  observed.  The 
core  was  set  to  the  "one"  flux  state  and  exposed  to  an  AFXR  pulse  at  a  dose 
rate  equal  to  the  rate  received  inside  the  shield.  Post-irradiation  read-out 
revealed  that  the  "one"  was  destroyed.  The  dose  was  6000  rad  at  a  peak  dose 
rate  of  1. 7  x  loll  rad/s.  Figure  23  is  the  comparison  of  the  "one"  output 
recorded  before  the  pulse  to  the  output  recorded  after  the  pulse. 


a.  Pre-Irradiation  b.  Post-Irradiation 

Vertical  -  200  mV/D  I  vision  Vortical  -  200  mV/DIvIslon 

Horizontal  —  100  ns/DIvIslon  Horizontal  —  100  ns/DIvIslon 


Figure  23.  Coro  output  Responses  of  u  "one"  Output 
Before  and  After  6000  rad 
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The  core  was  set  to  the  "zero"  flux  state  and  exposed  to  one  AFXH 
pulse.  Post- irradiation  read-out  showed  the  ’’zero"  output  after  irradiation 
to  be  identical  to  the  ’'zero’*  output  before  irradiation.  The  dose  was  10, 600 
rad  at  a  peak  dose  rate  of  3  x  10**  rad/s. 

Stored  information  was  destroyed  at  dose  rates  between  1.  7  x  10*1  and 
3  x  lOH  rad/s  in  the  combined  X-ray  and  r-f  environment.  When  the  r-f 
noise  was  shielded,  the  cores  switched  properly  at  dose  rates  as  high  as 
2. 4  x  10*1  rad/s.  To  establish  r-f  noise,  and  not  the  AFXR  pulse,  as  the 
cause  of  core  failures,  several  full- select  and  half- select  tests  were  repeated 
inside  the  aluminum  shield  box.  The  cores  switched  properly  at  dose  rates 
between  1,  7  x  IQ*!  and  2. 1  x  10^  rad/s.  Results  show  that  the  observed 
failures  were  not  caused  by  the  X-ray  pulse. 

b.  Failure  Mechanisms 


■ 


The  most  obvious  mechanisms  which  might  induce  a  core  failure  are 
those  associated  with  air  ionization  and  charge  scattering.  Because  of  the 
small  dimensions  of  typical  cores  (  <0. 01  cm^  section),  failures  due  to 
charge  scattering  from  the  cores  alone  would  be  expected  at  dose  rates  far 
in  excess  of  those  in  the  actual  test.  However,  if  the  dimensions  of  a  core 
plane  and  its  connectors  are  considered,  the  above  statement  may  no  longer 
be  valid. 


In  fhe  test,  signals  of  the  order  of  100  mA  at  2  x  10*1  rad/s  resulted. 
Since  the  currents  measured  in  both  leads  to  the  sense  winding  were  of  the 
same  polarity,  these  currents  were  attributed  to  charge  scattering  effects. 
The  polarity  of  these  currents  indicates  that  electrons  were  being  scattered 
out  of  the  core,  the  core  winding,  and  the  test  fixture.  Assuming  a  charge 
scattering  coefficient  of  approximately  1  picocoulomb  per  rad-cm^,  and  con¬ 
sidering  the  cross-sectional  areas  of  the  tost  fixture,  core  windings,  and 
cores  (  ~1  cnr),  the  size  of  currents  measured  are  consistent  with  currents 
expected  from  charge  scattering. 


The  264M1  test  core  is  normally  switched  by  a  0.  G-A  pulse  approximately 
1.  5 /as  wide.  Since  the  radiation-induced  currents  only  lasted  approximately 
0. 1/as,  a  direct  estimate  of  a  failure  level  was  not  possible.  To  determine  the 
offect  of  a  narrower,  more  intense  pulse,  bench  measurements  were  made  of 
the  input  current  versus  the  pulse  width  necessary  to  switch  the  core.  During 
the  test,  the  pulse  width  was  held  constant  and  the  input  current  was  varied 
until  the  output  voltage  waveform  was  similar  to  that  for  the  1.  5 -/as  case. 
Approximately  1.  4  A  was  required  to  switch  the  core,  with  a  0.  1-  /as  pulse. 
Tills  would  indicate  that  core  failures  due  to  charge  scattering  off  the  core 
winding,  the  test  fixture,  and  the  core  are  likoly  to  result  at  dose  rates 
approaching  101*  rad/s. 
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Although  no  core  failures  attributable  to  the  radiation  pulse  were 
observed,  losses  of  core-stored  information  could  possibly  result  at  dose 
rates  higher  than  10^  rad/s.  Cores  requiring  less  current  for  switching 
at  these  pulse  widths  would  be  even  more  sensitive.  In  an  operational  con¬ 
figuration,  the  dose  rates  which  might  cause  loss  of  core -stored  information 
would  be  determined  by  the  current  necessary  to  switch  the  cores  and  by  the 
packaging  of  the  core. 

D.  CONCULSIONS 


These  tests  showed  that  the  radiation  from  either  a  LINAC  or  AFXR 
machine  does  not  affect  information  stored  in  cores  and  other  magnetic 
devices.  No  significant  additional  data  will  be  obtained  until  dose  rates  at 
least  10*2  rad/s  are  available  at  a  distance  from  the  source  sufficient  to 
allow  adequate  shielding  of  the  test  instrumentation. 
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Section  IV 


DOSIMETRY 


A .  INTRODUCTION 


The  dosimetry  associated  with  the  SPRF,  the  LINAC,  and  the  AFXR 
radiation  tests  is  discussed  in  this  section.  The  dosimetry  techniques  em¬ 
ployed  have  been  detailed  (References  1  and  2).  Only  the  dosimetry  pertinent 
to  the  tests  conducted  under  this  contract  will  be  summarized  here. 

Standard  dosimetry  techniques  were  used,  except  for  the  SPRF  experi¬ 
ments,  in  which  the  noutron-to-gamma-ray  flux  was  altered,  and  the  LINAC 
tests,  in  which  special  precautions  were  observed  regarding  sample  geom¬ 
etry.  The  exceptions  will  be  treated  in  detail.  The  standard  techniques  in¬ 
clude  the  following. 


1 .  GAMMA  DOSIMETERS 


Silver -activated  glass  fluorods  or  lithium  -flouride  thermo -luminescent 
dosimeters  were  used  for  gamma  dose  determinations.  These  dosimeters 
were  calibrated  at  a  Colbalt-60  radioisotope  source  against  secondary  stand¬ 
ard  Lundsverk  roentgen  ohumburs.  At  the  SPRF,  lithium  shields  enclosed 
the  glass  rods. 


2.  NEUTRON  DOSIMETERS 


The  SPRF  dosimetry  group  supplied  all  the  neutron  fluuncc  data.  Those 
data  were  derived  from  a  set  of  threshold  dosimeters:  plutonium,  neptunium, 
uranium,  sulfur,  and  gold.  The  standard  neutron  energy  thresholds  for  these 
dosimeters  are  >10  keV,  >0.  6  MoV,  >  1.  6  MoV,  >0.  2  MoV,  and  <0.  4  oV,  re¬ 
spectively.  Plutonium  1'luonoos  are  reported  in  this  document. 

1J.  DOSE  RATE  DETERMINATIONS 

l .  GAMMA  RATE  DETERMINATION 

In  all  cases,  gumma  dose  rates  were  determined  from  the  dose  (D)  ob¬ 
served  by  a  gamma  dosimeter  locatod  on  u  component,  and  a  remote  detector 
signal  (current),  I(t).  Dose  rutos  were  calculated  from  the  relation 


D(t)  *  DI(t)/Q, 


(27) 


whore  Q  is  the  time  integral  of  I(t). 
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I(t)  was  obtained  from  a  silicon  PIN  diode,  a  phosphor -photodiode,  and 
an  aluminum  block,  at  the  SPRF,  AFXR,  and  LINAC,  respectively.  At  the 
SPRF,  the  PIN  was  placed  on  a  common  arc  with  the  components;  at  the 
AFXR,  the  detector  was  placed  directly  behind  the  test  samples;  and  at  the 
LINAC,  the  block  stopped  that  portion  of  the  electron  beam  which  was  not  to 
strike  the  components  under  test. 

2.  NEUTRON  FLUX  DETERMINATIONS 

i 

At  the  pulsed  reactor,  neutron  fluxes  N(t),  wore  derived  from  the  re¬ 
lation 


N(t)  *  NI(t)/Qp»  (28) 

where  N  is  the  neutron  fluenco  and  0  is  the  time  integral  of  I(t)  over  the 
prompt  portion  of  the  reactor  pulse.  *5This  assumes  that  the  neutron  fluence 
decays  very  rapidly  after  the  peak  of  a  burst. 

This  approximation  is  required  because  of  the  lack  of  a  pure  neutron- 
sensitive  (gamma- insensitive)  detector,  und  the  lack  of  information  regard¬ 
ing  the  histories  of  relative  neutron* to-gumma^ruy  time  during  a  reactor 
burst. 


C.  ALTERATION  OF  NEUTRON-TO-GAMMA  RATIO 


At  the  SPRF,  the  neutron-to-gamma-ruy  ratio  of  several  bursts  was 
altered  using  various  polyethylene  und  lead  shield  combinations  (Reference  0). 
The  test  setup  for  those  tests  is  lliustrutod  in  Figure  24.  Polyethylene  was 
used  to  degrade  the  intensity  of  the  neutron  flux  without  significantly  altering 
the  gamma  ray  flux.  Luud  degraded  the  gamma  ray  flux  without  significantly 
degrading  the  neutron  flux.  Figure  25  Illustrates  the  neutron  fluence  variation 
versus  the  gamma  dose  obtained  during  the  test  series.  Note  that  the  fust 
neutron  spectrum  was  not  significantly  altered  during  the  tost. 

D.  LINEAR  ACCELERATOR  TESTS 


Because  direct  electron  irrudiations  were  performed,  precautions 
were  necessary  to  ussuro  maximum  uniformity  of  dose  deposition  in  test 
samples.  The  precautions  were  necessary  for  two  reasons; 

•  The  short  range  of  the  electrons  limit  the  depth  of  tost  samples. 

•  The  electron  beam  spatial  distribution  limits  the  dose  rate  uniform¬ 
ity  of  samples  transverse  to  the  beam  direction. 
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Figure  24.  Experimental  Arrangement  fur  Neutron  mid 
Gumma  Sensitivity  Test 

The  dose  (D)  delivered  to  a  thin  sample  by  an  electron  beam  is  given 
by  the  relation: 

n  1  iftil  n  bn 

D  “  -  —jp*  *10  •  Q  i  (21 

and  tills  dose  is  delivered  ut  a  rate 

** "  -  “jr  <K  ‘  11)11 ' J’  (ai 

where, 

1  dE  ** 

-  —  ^  ■  the  material  slopping  power  in  MoV  -omVu'm> 

2 

j  >  the  beam  current  density  in  ump/cm 

2 

Q  ■  the  total  charge  delivered  in  coul/cm 
The  range  (K^)  oi'  those  electrons  is 

lt0  1  Ec/2  8  gni/em^  (3( 
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to  within  20  percent  in  tho  energy  interval,  1  <Et)  <  100  MeV,  whore  E<j  Is 
the  energy  of  incident  electrons.  In  actual  practice,  the  dose  in  u  material 
is  a  function  of  the  depth  of  the  material  (Figure  20), 


Figure  20.  Electron  Irradiation  Dose  us  u  Function  of  Depth 

To  avoid  largo  differences  in  dose,  the  maximum  depth  of  test  samples 
was  restricted  to  lt(,/2  -  E  ,/4  gm/cma  in  the  L1NAC  tests.  Differences  in 
dose  rate  perpendicular  to  the  direction  of  the  beam  had  to  be  minimal.  From 
Equation  (20),  spatial  variations  in  beam  current  density  (J)  will  cause  dif¬ 
ferent  dose  rates  across  a  sample  in  the  LINAC  electron  bourn,  In  Hoforonou 
10,  tho  kClluwLng  formula  is  derived,  relating  Urn  peak  dose  rate  (l!)),  beam 
current  (In),  sumplu  length  (1  cm),  und  dose  rate  non- uniformity  parameter 
((3) ,  for  u  Gaussian  beam  current  distribution: 


4  x  10U 

IT 


(  1  UK  \ 

\  p  dX  / 


log  (i/p ), 


(31) 


beta  (p)  Is  the  ratio  of  tho  dose  rate  at  the  edge  of  tho  sample  to  the 
peal;  dose  rate  at  the  center  of  the  sample.  For  mutoriuls  with  atomic  num¬ 
bers  between  3  and  30,  and  for  electron  energies  between  1  und  100  MeV, 
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Thus, 


-  1.01  x  10U  log  (1/0). 

Equation  (33)  illustrates  tho  correlation  of  sample  size  and  peak  dose  rate 
when  using  direct  electron  beam  irradiations. 

For  the  LINAC  tests,  the  maximum  length  of  test  samples  wus  2,5  cm, 
/3wus  chosen  to  be  0.8  to  assure  a  i  10  percent  dose  uniformity  across  the 
largest  test  samples,  and  a  maximum  of  0, 6  A  was  achieved.  Equation 
(33)  predicts  a  maximum  dose  rate  of  1.  B  x  10°  rad/s  for  this  case, 

Although  the  above  equation  was  useful  for  planning  the  LINAC  tests 
and  setting  instrumentation  scale  factors,  dosimetric  beam  maps  were  still 
necessary  at  the  test  sites  to  establish  dose  rate  profiles  for  each  particular 
accelerator.  This  was  done  using  a  lithium-fluoride  thermo-luminescent 
dosimeter.  The  observed  peak  dose  rates,  corresponding  to  a  0  of  0, 8, 
agreed  with  the  result:  from  Equation  (33),  Extensive  instrumentation  scale 
factor  changes  at  the  test  site  were  thereby  avoided, 

One  further  precaution  was  observed  at  the  test  site,  To  avoid  errors 
caused  by  the  scattering  of  electrons,  dosimeters  were  uttackod  to  the  sides 
rather  than  to  the  front  or  roar  of  the  irradiated  components,  For  the  larger 
components,  the  dose  rates  obtained  from  the  dosimeters  were  lower  than  the 
mid-beum  dose  rates  by  a  factor  of  0, 8.  The  error  wus  less  for  tho  smaller 
components,  us  was  the  uose  rate  non-uniformity, 
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